
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



d by Google 



dbyGoogk 



-j; . \ , . 

ConMential _ I 

ARTILLERY FIRING 

(Reprint of pamphlet translated by American 
Expeditionary Forces, France) 



WAR PLANS DIVISION 
^^S GENERAL STAFF 



June, 1918 




War Department 
Document No. 808 
(supersedes A. G. 0. No. 762) 
Office of the Adjutant General 

WASHINGTON 

GOVERNMENT PRINTING OFFICE 

1918 

n G^^gl^ 



/^3 



WAR DEPARTMENT. 

Document No. 808. 

Office of the Adjutant Oeneral. 






dbyGoogk 



.4 



WAR DEPARTMENT, 
Washington, June 12, 1918, 

The following book, "Artillery Firing," a translation of the French 
"Instruction sur le Tir d'Artillerie," is published for the informa- 
tion and guidance of all concerned, as basic regulations in artillery 
firing. 

The methods and terminology are general and are adopted as 
standard. Future editions of regulations for particular weapons will 
be in conformity with these regulations. 

' While a relatively large amount of the text is devoted to the com- 
plexities and refinements incident to position warfare, the rapid 
approximate methods of open warfare must not be neglected. The 
artillery must be able to adapt its methods to the situation, other- 
wise it can not hope to meet th'e demands which can reasonably be 
made upon it. 

[062.1 A. G. O.] 

By order op the Secretary op War: 

PEYTON C. MARCH, 

General, Chief of Staff, 
Official: 

H. P. McCAIN, 

The Adjutant General, 
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ARTILLERY FIRING 



PREFACE. 



Extract from the report of the French Central Artillery Commission 
charged with the preparation of the "Projet d'lnstraction snr le 
Tir d'Artillerie." 

The increase in the power of artillery which has taken place 
during the present war has brought about considerable changes in 
the fighting methods of the arm, and particularly in firing. 

"Artillery Firing" is based on the following regulations and 
instructions: 

Field Artillery Drill Relations, September 8, 1910. 

Drill Regulations for Foot Artillery. Provisional Firing Regu- 
lations, May 15, 1915. 

Provisional Practical Methods for the Orcanization and Direction 
of Fire with Mat^riels of Long Range and Limited Horizontal Field 
of Fire, July 14, 1915. 

Trench Artillery Drill Regulations. Provisional Firing Regula- 
tions, September, 1916. 

Various notes and instructions, covering new and sometimes 
transient necessities, supplementary to the manuals already in force. 

Many of this large number of publications are, in parts at least, 
obsolete, poorly coordinated, and cased on controvertiole principles. 
It therefore became necessary to coordinate the unavoidably diver- 
gent ideas and methods of these publications, and to explain new 
and improved methods. 

In preparing the present publication, endeavor has been made to 
establish general and uniform methods for the preparation of fire and 
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4wsJ^t®i|:'tDi^the ifuties-of the personnel. Methods ab^ady 
teated lyy'eKpetteneefcbiavfeiiolrbeen changed, except in case of well 
recognized necessity. ^ 

The general object is to develop the flexibility of artillery fire to 
the utmost, and increase its efficiency by reducing the ammunition 
consumption to a minimum. 

The preparation of fire is dealt with in detail. The stress laid on 
the accurate preparation of fire must not be allowed to create the 
impression that fire for adjustment is not necessary, since an accurate 
adjustment can be secured only by firing. 

The methods of fire are purposely made most general. The 
diversity of the tasks now assigned to artillery and the expansion 
of the resources at its disposal have greatly widened the scope of the 
activities of all classes of artillery. It^ appeared advisable to blend 
such of the methods of the various kinas of artillery as experience 
in war has shown to be sound. Thus the field artillery will le given 
the methods of the old foot artillery, which best meet the require- 
ments of modem warfare in fire for material effect and demolition. 
On the other hand, heavy artillery will be supplied practical 
methods for rapid action wnen circumstances do not admit of long 
and minute calculations. 

Moreover, it is to be noted that, while the tactical situation may 
make one method of fire preferable to another, the science of 
ballistics and the principles of fire are the same for all kinds and 
calibers of artillery. 

The present publication should eliminate differences in principles 
and terminologjr pertaining to artillery, simplifjdng the training of 
officers, and bringing into more intimate association the various 
classes of the arm. 
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CHAPTER 1. 
BALLISTICS. 

DEFINITIONS. 

1. The trajectery is the curve described by the center of gravity 
of a projectile in flight. 

The origin of the trajectory is the center of the muzzle. 
The line of departure is the tangent to the trajectory at its origin. 
The quadrant angle of departure jangle de projection) is the 
angle made by the line of departure witn the horizontal. 

2. Elements at the beginning of the trajectory.— The line 
of elevation is the axis of the bore prolonged when the piece is laid. 

The plane of lire is the vertical plane through the line of de- 
parture. 

The quadrant elevation is the an^e between the line of eleva- 
tion and the horizontal. In general, the projectile does not leave 
the bore on the line of elevation, but passes ordinarily a little 
above it. 

The Jump (angle de rel^vement) is the angle made by the line 
of departure with the line of elevation. 

For a given piece, the jump is taken .as constant, whatever the 
elevation, for the same charge and projectile.^ 

For a given piece, the jump varies with the charge and projectile, 
and with the carriage. 

For certain mat^riels, the jump is negative, that is, the line of 
departure is below the line of elevation. ^ 

The jump is always small . 

The algebraic sum of the quadrant elevation and the jump is the 
quadrant angle of departure. 

1 This has not been verified for quadrant elevations above 15°. 

* With the 200 howitzer, for example, the jump is negative and about 25'. 
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16 ABTILLEBY FIBING. 

The muzzle velocity is the velocity of the projectile at the tl^^ g 
ginning of its flight.* I^g^^^ 

3. Elements at the end of the trajectorjr.— ^The point of flafol 

(point de chute) is the end of the trajectory being considered. 4 ^^^ 

In general, it is not at the same altitude as the piece. It is defini^te) 

by its range, or horizontal distance from the muzzle, and by i^, -p 

altitude with respect to the muzzle. The altitude is positive wh^t^ ^^ 

the point of fall is above the muzzle, and negative wnen the poi|in^ 

of fall is below the muzzle. '^^ 

The line of site is the line joining the point of fall and muzzle.iiK;^ 

The plane of site is a plane containing the line of site and p%^ 

pendicular to the plane of fire. ^^. 

The site is the ang;le made with the horizontal by the plane {^^ 

site. ^ \)^ 

These terms are e<^ually applicable to an objective or any oth^j[ 1 

point taken at the point of falf of a trajectory. (^. 

The site is positive for points above the muzzle and negative fCj^ 

points below the muzzle. u 

4. The angle of Impact (angle de chute) is the angle betweel-ji 
the tangent to the surface of tne ground and the tangent to tb^^ 
trajectory at the point of fall. ^^ 

The elevation (angle de hausse) is the angle between the lin^, 

of elevation and the plane of site. rj 

The ansle of departure (angle de depart) is the angle betweei^- 

the line of departure and the plane of site. * 

The angle of faU (angle d'arriv^e) is the angle between the plane - 

of site and the tangent to the trajectory at the point of fall. 

The quadrant angle of faU is the angle between the horizontal 
and the tangent to the trajectory at the point of fall. ^ 

Hence the following equations: 
Quadrant elevation=Elevation+Site. ■ 

Angle of departure= Elevation + Jump. 
Quadrant angle of departure=Angle of departure+Site. 
Angle of fall = Quadrant angle of fall + Site. 
Quadrant, angle of impact=Quadrant angle of fall+Slope of 
ground at the point of fall. 

1 strictly speaking, during the first few meters of its flight the projectile is still sub- 
jected to the action of the powder gases, and the velocity increases until the action 
c f these gases ceases. The muzzle velocity refers to the maximum velocity imparted 
to the projectile by the action of the powder gases. 
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ABTILLEBY FIEIHa 17 

fThe site and the jump are considered with their proper signs, 
he slope of the ground is taken as positive when the point of fall is 
i a forward slope ^glacis) (sloping upward away from the piece) 
id negative when tne point oi fall is on a reverse slope (contre- 
ftnte) (sloping downward away from the piece. ^) 
'5. The ranee (port^e) of a trajectory is the horizontal distance 
•ora the muzzle to the point of fall. The slant range in this case 
I measured along the line of site. 

The range (distance de tii) of an objective is the horizontal dis- 
mce from the muzzle to the oojective. The slant range is measured: 
long the line of site. 

With material where the laying instrument is graduated in ranger 
he range setting (hausse) (or simply range) is the value announced 
io be set off on this scale. 

6. Time Are. — In time fire the projectile bursts, or is intended to 
ourst, in air. 

The burst line of slte^ plane of slte^ and site are as previously 
defined, considering the burst as the point of fall. 

The burst range (distance d'6clatement) is the horizontal dis- 
tance from the muzzle to the burst. The slant burst range is meas- 
ured along the burst line of site. The burst range In the plane 
^f site is also used, the plane of site referring to the objective. 

The burst Interval is the horizontal distance from the burst to the 
objective. The slant burst interval is the distance from the buret 
to the objective. 

The height of burst (hauteur d'^clatement) is the angle between 
the burst plane of site and the plane of site of the base of the objective. 

The linear height of burst is the distance in meters of the buret 
from the plane of site of the base of the objective. The height of 
burst is positive when the burst is above this plane of site and n^a^ 
tive when below it. 

The altitude of burst is referred to the base of the objective. 

1 In firing against a material object, the angle of Incidence (angle dlnddenoe) 
is the term used for the angle between the tangent to the trajectory and the normal 
to the surface struck at the point of impact. 

The burst angle of fall is the same as the angle of fall, if the burst is considered 
as the point of fall. 

66778°— IS 2 
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ABTILLEBY FIItlNO. 19 

The normal height of burst (hauteiir-t)rpe) is that for which the 
efficacy of an air burst is a maximum. It is stated for various con- 
ditions in paragraph 240. 

7. The firii^ tables give the principal elements of the various 
trajectories. The values are for norizontal trajectories; that is, 
the origin and the point of fall are at the same altitude. 

The smnniit of the trajectory is its highest point. 

The maximum ordinate (fl^che) is the height of the summit 
above the base. 

The ascending brancli is the part of the trajectory between the 
origin and the summit. The descending brancli is the part be- 
tween the summit and the point of fall. 




Fig. 2. 

The time of flight (dur^e de trajet) is the length of the flight in 
seconds from the origin to the point of fall. 

The tangential remaining velocity, or remaining velocity, is the 
velocity in meters per second of the projectile when it reaches the 
point of fall, or any other designated point, in the direction of the 
tangent to the trajectory at this point. The horizontal and vertical 
components of the remaining velocity are referred to as the horizon- 
tal and vertical remaining velocity. 

The inclination of the trajectory at any point is the angle between 
the tangent to the trajectory at this point and the horizontal. 

Horizontal remaining velocity = Remaining velocity X cos (incli- 
nation J. 

Vertical remaining velocity = Remaining velocity Xsin (incli- 
nation). 
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STUDY OF THE TRAJECTORY. 



8. The trajectory is tangent to the line of departure at its ori^, 
but departs from it more and more ^ under the action of gravity. 
Gravity decreases the velocity of translation for the ascending 
bKmch and increases it for the descending branch. The resistance 
of the air 2 constantly decreases the velocity of translation of the 
projectile. 




Fig. 3. 



The trajectory In vacuo would be a parabola In a vertical plane, 
with its axis of symmetry a vertical line through the summit. 

The projectile would twice pass through the horizontal plane AB 
at the points A and B (fig. 3). 

At these two points the inclination and remaining velocity would 
be the same, and the time of flight for the portion AS woula be the 
same as for SB. 

The trajectory in vacuo would depend only on the muzzle velocity 
and the angle of departure. The weight, caliber, and form of the 
projectile would not affect it. 

1 The drop (abaissement) at any point is the vertical distance from the line of 
departure. It is due to gravity, 
s Assumed calm. 
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ABTILLEAT FIEINO. 21 

The horizontal remaining velocity would be the same for all points 
of it. 

9. The trajectory in air differs from that in vacuo, because of the 
constantly retarding effect of the air resistance. 

The projectile passes through horizontal plane AB, but the veloc- 
ity at B is smaller and the inclination ^eater than at A. The time 
of flight from A to S is less than from S to B in spite of the fact 
that the distance AS is greater than SB. The descending branch 
is more curved than the ascending branch. The maximum ordinate 
is not an axis of synmietry, but is nearer the point of fall than the 
origin. 

With respect to the velocity of translation, ^vity and the air 
resistance have opjxmte effects for the descending branch. 

After the projectile has passed the summit, gravity, which up to 
this point had acted with the air resistance to retard it, acts to restore 
velocity aeainst the air resistance. The air resistance increases 
rapidly witn the velocity of the projectile. If the flight is sufficiently 
long and conditions 'are suitable, it may happen that some time after 
passing the summit the projectile will begin to gain velocity, owing 
to the fact that the acceleration due to gravity is greater than the 
retardation due to the air resistance. As the velocity increases, the 
retardation of the air increases, and a point will finally be reached 
where the acceleration due to gravity will be equal to the retarda- 
tion of the air. The projectile will then tend to maintain a constant 
velocity, modified only by the varying retardation due to the vary- 
ing density of the air and by the varjdng acceleration of gravity due 
to the varying inclination of the trajectory. 

10. The weight, caliber, and form of the projectile influences the 
air resistance. The trajectory in air depends then not only on the 
muzzle velocity and the elevation but on the characteristics of the 
projectile. The capacity of a projectile itself to overcome the resist- 
ance of the air is numerically expressed by what is known as the 
ballistle coefficient.^ 

In regard to the air resistance, it may be stated generally that: 
(a) It increases with the velocity. 

1 The ballist jc coe^Bcient depends on the law of air resistance adopted . Those given 
in the recent firing tables are based on the publications of the Gavre Commission. 
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22 ABTILLEBT PIBIKO. 

(b) It increases inversely with the sectional densitjr.i 

(c) It varies materially with the form of the projectile. 
Experiments have shown clearly that the long point and tapered 

base materially reduce the air resistance. 

It follows that the heavy projectiles of the large calibers, with low 
muzzle velocities, are relatively little affected by the air resistance. 
Their trajectories in air approach those in vacuo. 

Trench mortar projectiles have a trajectory nearly parabolic, but 
the wind and unsteadiness of the projectile cause material irr^u- 
larities in flight. 

11. In what precedes, it has been assumed that the trajectory is in 
the plane of fire, and, practically speaking, the line of departure is 
alwavs in this plane. 'For smooth bores and in calm air, the pro- 
jectile remains in the plane of fire. This is particularly true of the 
straight finned projectiles of trench mortars. 

But for rifled bores, the air resistance and the rotation of the pro- 
jectile cause the projectile to drift, or depart more and more from 
the plane of fire. 

The drift (derivation) for any point of the trajectory is the depar- 
ture of this point from the plane of fire, either m linear units or in 
angular units measured from the origin ^fig, 5). 

For pieces rifled to the right (with a right-hand twist), the drift is 
to the right. For a left-hand twist, it is to the left. 

The drift is given in the firing tables . For a given muzzle velocity, 
the drift increases with the rotational velocity, hence with the twist 
of the rifling. But it is always small, so that the trajectory may be 
taken as practically the same as its projection on the plane of fire; 
and except for the drift, the trajectory may be considered as though 
it were in the plane of fire. 

13, The general form of the trajectory depends essentially on the 
ballistic coefficient of the projectile, the direction and velocity of its 

1 If p is fhe weight of the projectile and a its caliber, the sectional density is pro- 
portional to —' 

Since for similar projectiles the weights are proportional to the cube of the calibers, 
it follows that, other things being equal, the large calibers lose velocity less rapidly 
than the smaller ones. For the same muzzle velocity, the large cahber has a greater 
range than the small one. Endeavor is made to increase the sectional density by 
elongating the projectile, but if this is carried too far the projectile becomes unstable. 
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rotation, and, as will be later explained, the atmospheric conditions 
(wind and air density). 

With these constant, the trajectory varies with the muzzle velocity 
and the elevation. The other elements follow from these. 

If the angle of fall and the range, or the angle of fall and the re- 
maining velocity, or the elevation and range, are known, the re- 
maining elements are fixed and can be determined. 



PlffljcoTEiSi 




Fig. 5. 

13. When one of the two principal elements, muzzle velocity and 
elevation, varies and the other remains constant the trajectory 
varies as follows: 

Muzzle velocity fixed. — ^As the elevation increases from 0, the 
summit, maximum ordinate, angle of fall, and time of flight increase. 
The range increases up to a maximum at an elevation of nearly 45 
degrees.^ It then decreases to for an elevation of about 90 degrees. 

Any point at less than the maximimi range can thus be reached 
, by two elevations, one greater and one less than about 45 degrees. 

1 The maximum range in air for a horizontal trajectory is with an elevation between 
40 and 45 degrees. The elevation approaches the more nearly to 45 degrees as the 
trajectory approximates that in vacuo (heavy projectile and low muzzle velocity). 
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Theee two elevations approach each other as the range of the point, 
considered approaches the maximum. 

Fire at the greater elevation is called hlg;h ang;le lire (tir vertical), 
and at the lower, flat or curvM fire (tir tendu ou plongeant) de-^ 
pending on the elevation.^ 

The curve of security (fi^. 6) is the curve tangent to all trajectories* 
which are jposaible when firing with a fixed muzzle velocity and di- 
rection. Every point imder this curve can be reached by two tra- 
jectories and no more. Points above the curve can not be reached. 

Elevation flxed. — ^As the muzzle velocity is increased, the range, 
the maximum ordinate, the remaining velocity, the angle of fall,. 
and the time of flight also increase. 

The muzzle velocity may be increased for the same powder by 
increasing the charge. But this increases the pressure, which is 
limited by the strength of the projectile, piece, brake, and carriage. 
The limiting quantity of motion (MV) depends on the muzzle ve- 
locity and the weight of the projectile and of the charge. 

It 18 sometimes possible to obtain an increase of velocity with the 
same or a lesser maximum pressure by using a slower powder which 
gives a more sustained pressure. 6ut too slow a powder bums 
poorly and gives irregulanties in muzzle velocity. 

An increase of muzzle velocity may also be obtained with the 
same charge by decreasing the powder chamber, but this likewise 
increases the pressure .* 

ANGULAR UNITS. 

14, The angular units used by artillery vary according to the 
element measured and, to a certain extent, with the materiel. 
They are: 

The quadmit, or right angle. 

The degreis, with its subdivisions, the minute and second. 
The twentteth, -^ of a degree, or 3 minutes. 

1 Flat fire is at angles of foil less than 20 degrees. Curved fire is for elevations l)e- 
tween 20 degrees and about 45 degrees. 

< The Van Deuren trench mortar has a fixed elevation of 45 degrees. The range is 
varied by seating the projectile at varying points of the bore, thus varying the powder 
chamber. 

The p>wder chamber is generally less for projectiles with the tapered base than 
for the ordinary shape. This explains why the muzzle velocity of the D shell is 
genuBliy greater than the ordinary shape of the same weight, and with the same 
charge; and also why the D shell oH^n can not be fired with the maylmum charge. 
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The grade, t^ of a quadrant, with its multiple, the deeagrade, 
and subdivision, the deelgrade.. 

The. mil, Y^ of a circle. 

The mil is a working approximation to the true mlL 

The true mil is an academic unit, being the angle subtended by a 
portion of the circumference equal to Tpim of the radius, or nearly, 
exactly^ the angle whose sine or tangent is roW* This characteristic 
makes it very convenient for approximate calculations involving 
angles. 




Since there are between 6283 and 6284 true mils in a circle, this 
unit is not practicable. By selecting a unit of nearly the same 
value as the true mil, and also a convenient fraction of a circle, a 
suitable working unit is obtained, without sacrificing the convenience 
of the true mil for approximate angular calculations. 

Two units have thus come into use, the ordinary mil (called 
simply the mil) and the E-mlL The R-mil is ^^^ of a circle. The 
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mil is thus seen to be the closer approximation to the trae mil. The 
mil is slightly less than the true mil, and the R-mil slightly greater.* 

15. Conversion from one angular unit to another can be made by 
means of the following equations: 

90 degrees=l,000 decigrades=l,600 mils=l,500 R-mils=l, 570.796 
true mils. 1 degree =20 twentLeths==60 minutes. 

A mil is 3f minutes. There are approximately 18 mils to a degree. 

For accurate angular conversions, it is generally more convenient 
to use the tables in Appendix 1. 

16. The angular dlstanee (kiart angulaire) between two points 
A and B for an observer at O is the angle AOB (fig. 7). 

This angle is also called the parallax of for AB. 
If the line AB is approximately normal to the lines OA and OB, 
this parallax is: 

d . ,, 
g, m mils, 

or^g.indecigrades. 

d being the distance AB in meters, small with respect to OA and 
OB, and D the distance from O to AB in kilometers, which is prac- 
ticailv equal to OA or OB. 

If O'A and O^'B are materially oblique to AB, df should be sub- 
stituted for rf, d^ being measured perpendicular to a line midway 
between O^'A and O^'B. The parallax is then computed by the same 
formulas as previously. 

1 The mil is -^ of a grade, or about ^ of a degree. The R-mil is T»y of a grade, or 
about iV of a degree. 

In the Gennan and Russian firing tables, there is another angular unit approxi- 
mately equal to the mil. It is the sixteenth of a degree; there are 5760 in the circle. 

2 Or more accurately, r-^rb' 
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CHAPTER 2.. 
DISPERSION— PROBABILITY OF FIRE. 

CAUSES OF DISPERSION. 

17. When projectiles of the same kind are fired successively from 
the same piece, under conditions as nearly the same as possible, 
various causes affect their movement, and tend to produce appre- 
ciable differences between the shots. 

It is important, from the standpoint of accuracy of fire, to differ- 
entiate, as far as conditions in practice permit, between the various 
causes of irregularity. The principal ones are discussed in the 
following paragraphs. 

It may he remarked that conditions are never exactly the same 
throughout the firing of a series of shots. 

ProJeetUes. — The acceptance inspection of empty shells, and the 
precautions taken in loading them, insure uniformity of exterior and 
interior form, weight, distrioution of mass, and position of center of 
gravity. 

Exterior surface of proJeetUes.— It has been found that slight 
differences in the exterior surface of projectiles have a considerable 
effect on the range and deflection, for example, the finish of the 
machined surface. The projectiles are carefully machined, and 
coated with paint, graphite, or coal tar, to protect from rust and dirt. 
Care must be taken to prevent abrasions and other damage during 
transport. 

FiVEes. — ^Fuzes can be considered identical, from a ballistic stand- 
point, only when they are of the same weight and external form.* 

€niarg;es. — Effort must be made to have the charges of exactly 
the same weight. In making up reduced charges, care must be used 
to remove all loose bits of the removable bundles of powder. 

1 The 24/31 percussion detonating fuzes, models 1899 and 1899-1998, for example^ 
are identical from a ballistic point of view. This is not the case -with the I fuze^ 
model 1914, although it has the same weight as the other two and nearly the sam^ 
shape. 

^ 29 



Digitized by VjOOQIC 



30 AKTILLERY FIRING. 

Balllstie properties of the powder.— The ballistic properties of 
a given powder lot are not always uniform within the lot, and there 
are differences between lots. Powder varies from time to time with 
-the state of its moisture. This is an important cause of irregularity. 
Powder in bulk or made up in charges is frequently stored for a 
considerable time in dugouts or underground magazines which are 
damp, or in depots or cars-where the temperature is elevated . When- 
ever possible, the charges for a battery should be supplied from 
powder of the same lot which has been kept under the same 
conditions. 

Method of loading. — The charges should always have the same 
position in the chamber, and the projectiles should be seated at the 
same point of the forcing cone. Rotating bands must be protected 
againA deformation. When a rammer is used, the force applied to 
it must be uniform. 

Laying. — Accuracy in laying should be sought by careful training 
of the personnel, by frequent verification of their work, and by 
careful sight adjustment. 

Atmospheric conditions. — The atmospheric conditions (air 
density, wind, etc.) may vary appreciably during even a short period 
of firing. The air resistance is a function of the air density, while the 
disturbances due to wind vary with the wind velocity. 

The different causes which affect the flight of projectiles can be 
only partially eliminated. Projectiles fir^ successively from the 
same piece will always have slightly different trajectories, and hence 
there will always be dispersion in the points of fall. 

This dispersion will be ^ater for the battery than for the indi- 
vidual pieced, because of differences in the calibration of the pieces. 
It is, therefore, important in firing to observe the shots of the indi- 
vidual pieces in order to adjust each of them properly. 

Sorting (lotissement) of projectiles. — It is very necessary to sort 
the projectiles according to their weight. When they can not be 
segregated in lots of the same weight, they should be" fired in the 
order of their weight, either increasing or decreasing (trench 
mortars). 

STUDY OF DISPERSION. 

18. If a large number of shots be fired from the same piece under 
conditions as nearly identical as possible, the first few shots will 
appear to be dispersed in an irregular maimer according to no fixed 
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law. Gradually, as the number of shots increases, it will be noticed 
that the shots fail more frequently in a certain spot^ and that the shots 
become more scattered as they are separated from this spot. The 
point about which the points of fall are grouped, and near which they 
are most dense, is called the center of Impact or simply center 
(point moyen). 

If the points of fall be referred to two rectangular axes of coordi- 
nates, OX and OY (fig. 8), the algebraic sum of tne abscissae divided 
by the number of shots will be the abscissa of the center, MjM. 




Fio. 8. 



Similarly the algebraic sum of the ordinates divided by the number 
of shots will be ec[ual to the ordinate of the center, MgM . This affords 
a method of finding the center of the points of fall of a group of shots. 
But if the number of shots is limited, the position of the center thus 
found will not liecessarily be the true one. It will, however, be the 
most probable one, and the best obtainable with the limited data 
availaole. 

Let PM (fig. 9) be a line from the piece P through the center M, 
and AMB be p^endicular to PM. For a large number of shots 
half will fall to the right of PM and half to the left. Also, half will 
fall short of AB and half bevond. 
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10. The range error (6cart en port^e) of a shot is the difference 
between its Tange and that of the center. In figure 9 the range 
error of R is RS. If R and M are not in the same horizontal plane, 
use instead of R the point where its trajectory pierces the horizontal 
plane through M. 

Similarly the deflection error of R is SM, the distance of R from 
the line PM. 
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Fig. 9. 

The height error of R is the difference between its height, when 
rejected by its trajectory on the vertical plane through M, and the 
eight of M. 

The ranee mean error is the arithmetic mean of the ranee errors 
of all the shots. It is obtainable by adding the errors, without re- 
gard to sign, and dividing the sum by the niunber of shots. The 
deflection mean error and the height mean error are similarly 
obtained. 
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Let C-TD^ (fig. 9) be a line perpendicular to PM, so placed with re- 
spect to M as to include half of the shots beyond M, and CD be a 
similar line so placed as to include half of the shots short of M. If 
the number of shots is large, the lines C^W and CD will be equi- 
distant from AB. The distance of C^D'', or CD, from AB is caUed 
the range probable error (6cart probable en port^e). 

In the same manner cd^ and cd may be constructed, each at & 
distance from PM, which is the deflection probable error. 

It follows from the preceding that the probable error is the error 
which, for a large number of events or in the long run, is as frequently 
exceeded as not. 

The true value of the mean error and the true value of the prob- 
able error bear the following relation to each other: 

Probable error =Mean error X 0.8453. 

This relation can be used to find the probable error from the mean 
error or its most probable value (par. 18). For a limited number of 
shots, this method of finding the probable error is only approximate. 

SO. In figure 10, M is the center. The line AB is a fine through^ 
M perpendicular to the line of fire. The lines C^D'', CD, etc., are 
pandlel to AB and separated by one range probable error. 

It can be shown by the law of errors, wnich experience shows to 
be applicable to firing, that, if the number of shots be verv large* 
nearly all (99 per cent) of the shots are included between the lines 
Vy and IJ, and that the various spaces will receive the percentages 
of shots indicated in the figure. 

The zone between Vy and IJ, symmetrical with respect to AB 
and 8 probable errors in width, is caJled the range zone of disper- 
sion. 

The deflection and height zones of dispersion are similar. 

21. The probable error is the measure of accuracy of firer the 
smaller the probable error the more accurate is the fire. 

The firing tables give the range and deflection probable erroiB, and 
by calculation, the height probable error, for various ranges and for 
a horizontal trajectory. Tne deflection and height probable errors 
increase with the range. This is also true in most cases of the range 
probable error. 

For inclined trajectories, the probable error is taken the same as 
for horizontal trajectories . 

66778°— 18 3 , ^^^i^ 
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In firing against a forward or positive slope (par. 4) , the range prob- 
able error on the ground, as can be seen from figure 1 1, is less than 
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Fig. 10. 





Forward Slope Reverse Slope' 

Fig. 11. 

the range probable error proper. In firing against a reverse slope, 
the contrary is true . ^ 

1 Deflectiaii probable errors are so small that, for practical purposes, the effect of a 
transverse slope on the deflection probable error on the groim^ni^^ neglected. 
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The relation between the two probable errors is: 

Range probable error on the ground =range probable error X X, 
where X is the slope eoeffieient,^ a function of tiie slope of tiie ground 
and the quadrant an^le of fall at the center. 

Fire against a vertical surface may be considered as against a for- 
ward slope of 90 degrees. The range probable error on the ground 
is then the height probable error, so that: 

Height probable error =ran^e probable error XX for 90 d^rees. 

The two tables herewith give the slope coefficient as a function 
of the slope n, in degrees or per cent, and the quadrant angle of fall 
of the trajectory. The first is for forward slopes, including 90 degrees, 
and the second for reverse slopes. 

2!8. The values of the probable errors given in the firing tables are 
obtained experimentally^ at proving grounds, under conditions- 
which make for accuracy and which generally do not obtain in 
practice (selected ammunition, constant atmospheric conditions, or 
nearly so, shots rejected if they are unfavorable, etc.). The proba- 
ble errors actually obtained in service are then generally greater 
than the proving ground values. 

1 Cansidoing the sign of the slope, we have for both forward and reverse slopes 
(fig. 11): 



AM sin {co+n) 

Where n is the slope and w is the quadrant angle of fall in angular units. The slop» 
II in per cent may be computed with the aid of the map. 

A slope in per cent may be converted into one in degrees by means of the slope 
tables herewith, using the dual values given for the slope. 

For a forward slope, the range probable error on the groimd may be greater than 
the range probable error when <a is greater than 

For a slope less than 60 per cent, « must be greater than 77 degrees; « must always 

« The probable errors given in tables issued by the French Navy are generally 
obtained by calculation from the various elements affecting dispersion. They are 
ordinarily as great as the field probable errors, and sometimes greater. 
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It is customary to assume the field probable error (^art probable 
pratique) as one and one-half times the tabular value.^ 

The values of the fork (par. 215) given in the firi^ tables corre- 
spond to 4 field range probable errors, or to 5 or 6 tabular range prob- 
able errors. 

If a battery in service finds by e^^perience that, due to the state 
of its materiel and ammunition or to exceptional skill of the per- 
sonnel, its probable error is approximately that of the provii^ 
ground, the fork used should be taken accordingly. 

23. Dispersion In Time Fire.— The laws of disjpersion, explained 
in the case of percussion fire, are also applicable to time fire. 

When projectiles of the same kind, and armed with the same fuse, 
are fired from the same piece so as to burst in air, with conditions as 
nearly the same sa possible for all shots, it will again be found that 
the bursts will be grouped about a center, where they will be less 
scattered than anywhere else. 

With the errors of the trajectory already discussed are mingled 
the errors due to irregularities in the fuse action. The latter cause 
theprojectile to burst higher or lower on the trajectory. 

Tne principal causes of fuse irregularities are: 

The ruse itself. — In time fire, every effort should be made to use 
fuses of the same lot and which have been stored under the same 
conditions. 

Fuse setting. — ^Irregularities in fuse setting should be reduced 
as much as possible by training the personnel and by using the fuse 
setter. 

24. If the positions of the air bursts are projected perpendicularly 
on a horizontal plane or on a vertical plane, the same dispersion will 
be found as is discussed in paragraph 18. The position of the cen- 
ter, called the burst center in this case, may be found in the man- 
ner described. The height of burst mean error and the range 
of burst mean error may be found as described in paragraph 19, 
and from them the corresponding probable errors may be obtained. 

1 Experience shows that the wear of pieces, as long as it is not excessive, results in 
a gradual loss of muzzle velocity and hence range. But it does not matensJly affect 
the accuracy, or the probable error. Until the piece is so worn as to require relining, 
the usual values of the probable error are appUcable. 

Some firing tables give the height of burst and range of burst probable eirrors. 
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25, Safety Zone. — In firing close to friendly troops, particularly 
in fire to accompany attacks, it is very important to place the cen- 
ters sufficiently beyond the troops sa not to endanger them. The 
space between the center and the friendly troops is called the safety 
cone. The safety zone must be oa wide at least oa half the zone of 
dispersion, increased by the distance to which dangerous fragments 
may be thrown. For fire perpendicular to the front, use 4 range 
probable errors in percussion fire, or 4 range of burst probable errors 
in time fire. Fpr fire parallel to the front, use 4 deflection probable 
errors. 

If there is a mask near the points of fall, the safety zone must be 
increased so as to clear this mask, in order to avoid premature bursts 
due to projectiles striking the mask. 

In firing against a reverse slope, particularly at short range and 
with flat trajectories, the safety zone must be very deep. 
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PROBABILITY OF FIRE. ' 

26. The probability of an event happening is the ratio of the num- 
bers of cases in which the event happens, in the long nin^ to the total 
number of cases, all cases being equally likely to result m the event 
considered. Probability is always less than unity, or unity. When 
the probability is unity, the event is certain to happjen. 

If it is possible for two or more events to happen entirely independ- 
ently of each other, the happening of one havins no influence on the 
happening of the other, the probability that all will happen simul- 
taneously is the product of the probaoilities of the separate events 
happening. 

Referring to the diagram of dispersion (fig. 10), it will be Been that 
the probability of a shot falling in the space ABCD is .25, since, in 
the long run, .25 of all shots fired fall in this space. 

The probability of a shot having an error less than a given value is 
the ratio of the number of shots having errors less than the given value 
to the total number of shots in a series indefinitely prolonged. 

Probability may be expressed by a fraction, a decimal, or in per 
cent. 

The table on page 36, based on the law of errors (par. 20), gives the 
probability, as a decimal, of an error less than r tunes the probable 
error. It is applicable to all classes of errors. 

27. This table permits the solution of various problems frequently 
arising in practice, in which it is desired to find the probability of 
hitting a Riven objective. 

Examples. — ^1) In prolonged firing, what is the probability of 
hitting a zone oi width a and perpendicular (or parallel) to the plane 
of fire? The center is at the center of the width of the zone (fig. 12). 

Solution. — Let Cp be the range (deflection) probable error. 

The probability sought is then taken directly from the probability 
table, as a decimal, wMch can be multiplied by 100 to give the value 
inner cent. 

(2) In prolonged firing, what is the probability of hitting a space, 
of width and perpendicular (or parallel) to the plane of fire? The 
space is at a distance a from the range (deflection) center (fig. 13). 
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Solution. — ^Let LL and KK be the limits of the space, and "KfK^ 
and 1/1/ be a similar space constructed so that the two spaces will be^ 
symmetrically disposed with refij)ect to the center M. 

Determine the probability oi hittirg the space LL, LHl.'', as in 
example 1, and the probability of hitting the space KK, K^'K''. The- 
difference between these two probabilities, divided by two, will be= 
the probability sought. 
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FiQ. 12. 

(3) In prolonged firing, what is the probability of hitting a rectan- 
gle, whose sides are respectively perpendicular and parallel to the 
line of fire, and whose center occupies a given position with respect 
to the center of impact? 

Solution. — Let a and h be the dimensions of the rectangle. Find, 
as in the preceding examples, the probability of hitting a space a 
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wide and indefinite in extent in the direction of 6. Similarly find 
the probability of hitting a space b wide and indefinite in extent in 
the direction of a. The prodiiet (par. 26) of these two probabilities 
will be the probability sought. 

(4^ Firing with a 280 mortar. Range, 6,000 meters. Base fuzed 
fihell, charge 3. Objective, a concrete work of 5X12 meters hori- 
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If. 

Fig. 13. 

zontal dimensions, with the longer dimension perpendicular to the 
plane of fire. The fire is assumed to be perfectly adjusted, that is, 
the center is at the center of the objective (fig. 14). What is the 
probability of hitting this objective in prolonged firing? 

Solution. — From the firing tables of September, 1915, it is found 
that the range probable error is 20 m. 6, and the deflection probable 
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error is 3 m. 1. Take the tabular probable errors as directly 
►licable. 
'or the space 5 meters wide in range and indefinite in width, 



applicable, 



r=2\7^i~g=12 and p=.065. 
For the space 12 meters wide in deflection and indefinite in width, 



12 



r=jrT3-j=1.93 and p=.807. 




Fig. 14. 

The probability sought is then .065 X. 807 =.052, or about 5 per cent. 

Then, in prolonged firing, about one shot in twenty would hit the 
objective. But, for a linuted niunber of shots, the nimiber of hits 
might vary considerablv from this proportion. 

(5) For a perfectly adjusted fire, what is the probability of hitting 
a rectangle whose sides are respectively twice the range and deflection 
probable error? 

The probabilities for range and for deflection are each .50. Hence 
the probability sought is .50 X. 50=. 25, or 25 per cent. 
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Rectangle of dispersion. 
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tS. If diagrams of dispersion (par. 20) be constructed with respect 
to a center M, for both range and deflection, the rectangle of dis- 
persion will be obtained. By its construction, the rectangle will be 
divided into 64 smaller rectangles, each one deflection probable error 
by one range probable error in size. (See diagram.) 

By the methods already explained, the probability of hitting each 
of tne small rectangles can be calculated. These probabilities are 
given in the diagram. 

But, for a llnuted number of say 100 shots fired, it is not certain 
that they will be distributed in the proportions shown. Even 
though the number of shots fired is very considerable, there is no 
absolute assurance that the number of hits predicted by the appli- 
cation of probability will actually be obtained. Observation oi the 
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fire will always be necessary to make sure that the desired result 
has been attained. With the limited number of roimds fired on 
even very important objectives in service, the application of proba- 
bility can only be relied upon to furnish an approximation as to the 
ammunition which must be provided to accomplish a given result. 
To determine the number oi rounds to be provided to attack a given 
objective, the methods of calculation already explained may be used, 
or the result may be obtained graphically. For the latter method, 
construct a rectangle of dispersion to the scale of the map being used. 
Place it on the map, correctly oriented, and with the center suitably 
located with respect to the objective. The probabilities for each of 
the small rectangles which lie within the liinits of the objective are 
then added. The sum is the probablity of a shot fired hitting the 
objective. The number of rounds to be allotted is then obtained by 
dividing the number of hits desired by the probability of one hit. 
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CHAPTER 3. 
FIRING TABLES AND THEIR USE. 

29. Firing tables ^ve the principal' elements of the trajectory for 
the different projectiles whicn may be fired in a piece. 

The data contained in them is based on: 
A new gun. ^ 

A medium powder lot,^ at 15** temperature, and for mean 
annual conditions.^ 

Projectiles all having a certain weight and model of fuze. 
Absence of wind. 

Weight of a liter of air at the battery position of Ig. 208. 
Horizontal trajectory (par. 7). 

30. Generally, for each projectile, several charges of different 
weights and sometimes different kinds can be used. 

For each of the various charges there is a tabular muzzle velocity 
on which the firing tables are based.* 

1 On aoooimt of the tolerances which are necessary in manufacture, no two guns are 
exactly alike. There are slight variations in the powder chamber, the depth of the 
grooves, and the diameter of the bore, so that the velocities vary slightly, even if ex- 
ternal conditions are constant. These variations are increased if two pieces are not 
worn to the same extent. 

« The characteristics of powder are such that certain not inconsiderable tolerances 
must be allowed on acceptance. A quick powder lot is one which gives greater than 



the tabular velocity with the standard charge. A slow lot gives less than the tabular 
velocity with the standard charge. A medium lot is one giving the tabular velocity 
with the standard charge. For BC powder, the standard charge must give the tabular 



velocity within 10 meters; for BOP powder, within 16 metefs, and for BOj, within 20 
meters. For BM powder, the standard charge must give a velocity not less than a 
certain limit, and toe pressure must not exceed a certam amount. 

* A given lot of powder fired in the same piece, under conditions as nearly identical 
ds possible, gives ^eater velocities in sunmier than in winter. The mean annual 
velocity for a certam charge and lot is the mean of the velocities which it elves in vari- 
ous seasons. The mean annual velocity is obtained toward the end of spring and 
autumn. 

« This is only true when a constant powder chamber is used. An exception is the 
Van Deuren trench mortar (par. 13). 

46 
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Projectilea having the same weight, but different fuzes, will, other 
conditions being the same, have the same muzzle velocity. But the 
trajectories will be the same only when the fuzes have the same ex- 
ternal form.* 

31* The firing tables give, for the various projectiles, fuses, and 
muzzle velocities, the principal elements of horizontal trajectories, 
for differences in range of 100 meters (20 meters for most trench 
mortars). Intermedial* values can be obtained by interpolation. 

The elements given are generally: 

The elevation.' 

The maximum ordinate.^ 

The drift. 

The angle of fall. 

The time of flight. 

The remaining velocity.* 

The range, deflection, and height probable errors.* 

The fork for use in range adjustment (par. 22). 

The following additional elements are given for fuses which permit 
time fire: 

The fuse setting for a height of burst. 

The angle of opening of the shrapnel (or half of this angle).* 

1 The trajectory is not changed, for example, if the 24/31 nondelay percussion deto- 
nating fuse, Model 1899. is substituted for the delay fuse, Model 189^-1908, or if the 
nondelay fuse. Model 1899-1915, is substituted for the short or long delay fuses, Model 
1899-1915. Fuses of the same weight may be changed at will, if tney are covered by 
a false ogive or a cap. The form will be changed if .for example, the 24/31 percussion 
detonating fuses, Model 1899, or instantaneous, Model 1914 or 1899-1915, are inter- 



hen the form is but little altered by changing the fuse, the effect on the trajectory 
will be slight, and the same firing tables will be applicable for practical purposes. 
Nevertheless, if a certain fuse is used to facilitate adjustment, ana later clumged, the 
subsequent fire must be carefully observed. 

s Some tables issued by the French Navy give the angle of departure instead of the 
elevation. The latter can be calculated by means of tne jump (par. 2). 

» The French Navy tables generally give the range of the maximum ordinate also. 

« Some tables also give the horizontal and vertical remaining velocity. If not, 
these values can be calculated (par. 7). 

» Some tables do not give the height probable error, but it can be calculated (par. 22). 
The French Navy tables for high-power artillery generally give the mean error instead 
of the probable error. The probable error can be calculated from the mean error as 
explained in paragraph 19. 

■The fuse setting in seconds may differ materially from the time of flight since the 
velocity of combustion of a fuse is a function of the muzzle velocity, the velocity of 
rotation, and the shape of the projectile. 



Digitized by VjOOQIC 



48 ABTILLEBY FIRING. 

The ran^e of burst and height of burst probable errors for time fire. 

Some firing tables further give: 

Information as to the displacement of the point of fall or burst for 
a nven change in elevation or fuse setting. 

For mat^riels having the laying instrument for elevation graduated 
in range, the range setting, when it is not the same as the range. 

92m The elements corresponding to the same muzzle velocity, 
projiectile, and fuse are given in a single table. All of the tables for 
a given piece are usually collected in a single volume. The firing 
tables, as a rule, also give miscellaneous useful information, such as: 

Information in regard to the materiel, projectiles, fuses, charges 
and their use, muzzle velocity, etc. 

Various tables intended to facilitate the preparation of fire (paral- 
lax, site, etc.). 

General tables, giving for each range, the angles of fall which may 
be- obtained. These tables permit a choice of the elements to be 
used when the defilade of the objective is known, as well as the 
other conditions affecting the success of the firing. 

Tables for corrections made necessary by the fact that firing is 
generally conducted under conditions not tabular. 

33. These last tables may be either in the form of variations in 
the trajectory due to the existence of conditions not tabular, or in 
the form of correetions to offset these variations. In using a firing 
table, it is important to note whether it gives variations or cor- 
rections.^ 

1 When the tabular conditions are departed from a given elevation no longer gives 
the tabular ranee. For instance, if the tabular range is 7.000 meters, the range 
actually obtained may be only 6,640 meters. It is then said that there is a variation 
of —360 m. If the actual range were greater than the tabular the variation would be 
positive. 

If, on the other hand, it is desired to obtahi a range of 7,000 m., since variations are 
not materiallv changed for small range changes, a correction of +360 m. must be 
applied to 7,000 m., giving a corrected range of 7,360, for which the elevation must be 
sought in the firing tables. A variation and the corresponding correction are thus 
equal and opposite in sign. 
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CHAPTER 4. 
CORRECTIONS. 

34* The causes of variations in the trajectory are of three kinds: 

(a) Topographie. — The point of fall is in general not at the same 
level as the piece. 

(b) Atmospheric — In genei:al, the weight of a liter of air is not 
exactly 1 g. 208 at the battery position. The projectile is affected 
by the wind. 

(c) Ballistic. — ^The piece, even though new, is never exactly 
normal, and for this reason the muzzle velocity is not tabular ([cali- 
bration error]) (regime de pikiej . The standard charge is established 
within certain tolerances. Tne quickness of the powder lot used 
may be other than that for which the charge was established, either 
due to tolerances in acceptance or to seasonal variations. The 
powder temperature may not be 15 degrees. The projectile is not 
necessarily of exactly the tabular weight. The fuses used may 
vary slightly from their type. 

The corrections for percussion and for time fire will be taken up 
successively. 

CORRECTIONS IN PERCUSSION FIRE. 

TOPOGRAPHIC. 

35. Site. — ^The objective P is generally at a different altitude 
than the piece O. When the objective is elevated, the site is posi- 
tive; when the objective is below the piece, the site is negative. 

Let PP^ (fig. 15) be a perpendicular to the horizontal OH. OP^ 
istherang^. 

The firing tables give the elements of the trajectory, correspond- 
ing to this range, but the trajectory OMP^ would not be suitable, 
since it would fall short of the objective if the site were positive, 

66778'— 18 4 49 
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and over it if the site were negative. If ONP is the trajectory 
through the objective, the discrepancy in range would be P^C. 

The distance P^C is the amount by which the range OP^ must be 
increased (+site) or decreased (—site) to make the trajectory pass 
through the objective. 

For a given range OP^, and two sites equal in amount but oppo- 
site in sign, the site corrections in range will not be the same abso- 
lute amount. 




' FIG. 16. 

A double entry table may be constructed of the following form, 
having as arguments the difference in altitude between the piece 
and objective, and the map range. The values given are the site 
corrections in range ^ (fig. 16). 

36. For high angle nre, giving angles of fall around 60 d^rees, a 
method may DO used which is merely a simplification of such a table. 

1 Such tables will be introduced in the new firing tables. 
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The trajectory in this case majr be taken as a straight line from the 
objective P to the point where it pierces the horizontal plane HH 
ate. 
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FIG. 16. 





FIG. 17. 

The site correction in range is then (fig. 17): 

pp/ 
P^C= 



tan w 

Where o) is the quadrant angle of fall. 

For angles around 60 degrees, the tangent is approximately 2, so 
that: 

P^C=l/2 PP^ 
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Hence the rule: 

In high angle fire, the map range should be corrected by 
one-haif the difference in altitude PP^, addltlvely if the site 
is + and subtractlFely if the site is — . 

37. Complementary site correction. — ^The present firing tables 
do not use the range correction for site, but apply the site to the 
elevation. 

Let a be the elevation for the map range OP''. Let 6 be the quad- 
rant elevation for the trajectory passing through the objective. Let 
h be the elevation correction for a site, and ife for a — site. 

Then h=a-\-h (^ site). 
or h—a—lc (—site). 



1 9ku. j Elevation. 
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FIQ. 18. 

It is possible to calculate h and h by ballistics, and state them in 
the form of corrections to be applied to the site, S, which is the angle 
POP^ Then 

6=a+S+«^ (+site) 
6=a-S-s^^(-site) 



d by Google 



ARTILIEBY FIRIKQ. 



6S 



The angles ^ and ^^ are called eomplementary site eorrec* 
tions. 

The present tables have double-entrv tables of complementary- 
Bite corrections. The arguments are the elevation and the site. 
The form is shown herewith (fi^. 18). There is one table for posi- 
tive sites and one for negative sites. 

38* The rigidity of tiie trajectory.— When the site is not great 
(less than W) and the elevations are not greater than say 20 degrees^ 
complementary site corrections are small and may be neglected. 

6=a+S r+site) 
6=a— S(— site) 





--H 



'Gvox*« 




FIG. 19. 



The slant range in this case is taken to be the same as the range. 
Under this assumption, the method virtually amounts to rotating 
the horizontal trajectory corresponding to the map range through 
an angle equal to the site. 
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The afisumption that the form and size of the horizontal trajectory 
axe not changed when the trajectory is rotated through limited 
vertical angles is called the principle of tlie rigidity of tlie tra- 
jectory.* 

S9. In short, with the present tables, the site corrections are as 
follows: 

Correct the tabular elevations for the map range by: 

(a) The site, measured from the battle map or with a sitometer. 

(6) The complementary site correction, taken from the firing 
taoles. 

These two corrections are both positive or both negative, according 
as the objective is above or below the battery. 

Maximum ordinate. — Use the tabular value corresponding to the 
elevation corrected for site as just explained. 

Angle of impact) or the an^le between the tangent to the ground 
and the tangent to the trajectory at the point of fall. 

Let 

o) be the quadrant angle of fall; 

S the site; 

n the slope of the ground at the point of fall, + for a forward slope 
and — for a reverse slope. 

Then (fig. 19) 

Angle of impact = w — S + w, 
S and n being taken with their proper signs. 

Other elements. — ^The time of flight, fuse setting for height of 
burst, drift, remaining velocity, and the probable errors are^he 
tabular values for the range of the objective. 

40. Deflection correction for the inclination of the trun- 
nions. — When the trunnions are not level and the piece is elevated, 
the direction is changed toward the lower trunnion. It is therefore 
necessary to correct the deflection in the direction of the upper 
trunnion. 

Let 

a be the (juadrant elevation, 

i the inclmation of the trunnions, 

c the deflection correction toward the high trunnion. 

1 The principle is not strictly accurate in any case, but it simplifies the laying of 
field artillery, without introducing serious errors. It is applied automatically in 
direct laying, that is, where the piece is laid entirely by sighting on the objective. 
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Then 

tan c = sin i X tan a. 

Since the angles c and i are small, the equation may be written 
c = i X tan a. 

A double entry table, Appendix 3, gives the values of c for the 
aiguments a and t. The values of c are in mils. 

41* Remark. — When the sight mounting can be cross leveled by 
rotation about an axis parallel to the bore, no correction of the de- 
flection is necessary for the trunnions not being level. But in laying, 
the operation must be completed by a verification of the direction. 

43. Correction for the eunrature and rotation of the earth.— 
The tables for firing on land are constructed so that no correction 
for the curvature of the earth is necessary. 

CJorreetions for the rotation of the earth are only necessary inusing 
certain tables pertaining to long range materiel. 

ATMOSPHERIC. 

43. Air density. — ^The greater the density of the air the greater 
its resistence to the projectile's flight. 

The elements affecting the air density are: 
Temperature. 
Barometer. 
Hygrometer. 

The tabular air density is Ig. 208 for the weight of a liter of air, at 
15 degrees temperature, barometer 750 mm., and relative humidity 
1/2. 

When the weight of a liter of air is other than the tabular value, 
it is necessary to make a range correction . This correction is positive 
for weights greater than the tabular value, and negative for lesser 
weights. 

The meteorological stations issue frequent bulletins giving the 
barometer and temperature for the mean altitude of the batteries 
(Apj)endix 4). 

It is necesiury to determine at the battery, for the conditions of the 
moment, the weight of a liter of air^ ir, from the chart in the firing 
table, and the difference rfx between it and the tabular value, which is 

dx = T - 1.208. 

This difference is expressed in milligrams. 
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Because of the slight ballistic effect of the hygrometric state of the 
air, corrections for tnis element are in general neglected.^ 

The range variation for dir is obtained from the firing tables. 

Other atmospheric disturbances, such as fog, rain, and snow, in- 
crease the air resistance to an extent which varies considerably. 

44. Wind corrections. — The meteorological stations furnish the 
ballistic wind for maximum ordinates differing by 500 meters (Ap- 
pendix 5). 

The ballistic wind is determined by: 

(a) The direction from which the wind comes, mea8iu*ed clockwise 
in decagrades from the true north. 

(b) The velocity in meters per second. 

From the meteorological data in re^d to the wind, determine the 
ballistic wind for the appropriate maximum ordinate by interpolation 
with respect to the two including values for which data are furnished. 

Knowing the Y-azimuth of the wind, its direction with respect to 
the line of fire can be obtained from the battle map or by other con- 
venient means. 

With this latter value and the wind velocity, refer to the wind 
rose, or wind chart, in the firing tables, and take out the: 

(a) Longitudinal wind component, or the wind velocity in the 
plane of fire. 

(6) Lateral wind component, or the wind velocity perpendicular 
to the plane of fire. 

By means of the firing tables, the variation or correction can be 
obtained for the range and deflection corresponding to the longitu- 
dinal and lateral components respectively. 

BALLISTIC. 

45. Weiglit of proJectUe. — Increasing the weight of ^he projec- 
tile decreases the muzzle velocity and tends to decrease the range. 

But for the heavier projectile the air resistance has less effect, 
which of itself tends to increase the range. 

1 For new tables, the tabular relative humidity is 3/4, which is nearer to average 
conditions than 1/2. 
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The resultant of these two opposing tendencies in range depends 
on the weight of the projectile and on the range. For a given varia- 
tion in the weight of the projectile, this resultant may change sign 
with a change in range. 

The effect on the range of a variation in the weight of projectile, 
dpy is given in the firing tables for. certain values of the variation. 
The effect for intermediate values uaay be obtained by interpolation.* 

For the 75, the projectiles are sorted according to weight. The 
different eateries are distinguished by different numbers of black 
crosses painted on the projectiles. The same correction is then 
applicable to all projectiles having a given number of crosses. The 
weight of each projectile of calibers greater than 75 mm. is marked 
on the projectile itself. 

46. Nature of the powder.^ Standard char|;e.— The differ- 
ent powder lots do not give the same muzzle velocity for the same 
charge (par. 29). 

To minimize the difference between lots, the charge is established 
for each so as to give as nearly as possible the tabular velocity. The 
established charge for each lot is called the standard charge (charge 
d'emploi).' 

In service, it can not in general be ascertained whether a new lot 
gives the tabular velocity. 

It must be assumed at first that such is the case, and after adjust- 
ment, work backward from the adjusted data to find the amount by^ 
which the muzzle velocity departs from the tabular value (par. 286 
and seqO- 

47. Temperature of the powder.— Aside from the variation in 
muzzle velocity due to the quickness of the lot, just discussed, the 

1 Variations of miuzle velocity due to the weight of the projectile are greater for 
small miuzle velocities. 

« The powders in use are classed in the following order of decreasing quickness: 
BM, BC, BMj. BSP, BMs, US3, BG4, BGU, BM», BGC, BM7, BM», BMio^ BMu, BM13, 
BMi», BMu, BM17. 

» The effect of a variation of the weight of the charge on the muzzle velocity may 
be approximately calculated by the expression, 

where the two ratios are the proportional variations in the muzzle velocity and charge; 
respectively. 
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muzzle velocity may not be tabular due to the temperature of the 
charges not being tabular. The greater the temperature, the greater 
is the muzzle velocity. 

The variation in muzzle velocity due to the powder temperature 
may be approximately calculated by the following formula: 

where dV^ is the variatioi^ in muzzle velocity, ib a constant, V© the 
tabular muzzle velocity, and dt the variation in temperature witil 
regpect to the tabular value of 15 degrees, k is ordinarily .001.* 

The firing tables give the range variation corresponding to dV^. 

48. Wear of the gun. — The wear of a gun reduces the muzzle 
velocity. The loss of muzzle velocity is a measure of the wear. , 

It has not been found i)ossible up to the present time to determine 
the loss of muzzle velocity as a function of the number of rounds 
fired. Two pieces of the same caliber and fired the same number 
of rounds under the same conditions may show very diff^ent de- 
grees of wear.2 

The wear of a piece is determined with respect to a reference 
piece, by means of calibration firing (tir de r^gimage), conducted 
under the same conditions for both pieces (Appendix 13). 

The difference between the adjusted ranges for two pieces, firing 
on the same objective, enables tne differences in muzzle velocity 
to be determined from the firing tables. 

Calibration firing is more important for the long range pieces, for 
which the wear is rapid and very variable for different pieces. 

For the smaller calibers the wear is slower and the effects less 
serious. A satisfactory method for these calibers is to determine, by 
firing at several ranges and for several charges, the difference between 
the adjusted elevations for the piece to be calibrated and those for 
the reference piece. From the values thus obtained those for other 
ranges can be arrived at by interpolation or graphical methods. 

CORRECTIONS IN TIME FIRE. 

49« In percussion fire the object is to cause the trajectory to pass 
through tne objective. In time fire the burst must be placed in the 
proper position with respect to the objective (pars. 240 and 247). 

1 For the 75, fc— .0006: for the 105, .0015. A purely empirical formula. 

2 Nevertheless it is of some advantage in predicting the loss of range, to establish 
a curve of wear for a given materiel. 
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In general, the action of a time fuze is based on the combustion of 
a time train (except in the case of mechanical time fuzes). The 
causes which vary tne trajectory (topographic, atmospheric, ballistic) 
also vary the position of the point of burst on the trajectory. The 
variations in the point of burst due to the existence of conditions 
other than tabular must be corrected for. 

50. Topographic. — In paragraph 35 it is shown that the trajectory 
passing through an objective above or below the level of the piece 
differs slightly from the horizontal trajectory corresponding to the 
range of the objective. The trajectory corrected for site should, 
strictly speaking, be the one on which the calculation of the fuze set- 
ting should be based. 

But in practice, when the site is small (say 1 degree), the initial 
fuze setting can be based directly on the range of the objective with- 
out serious error. 

51. Atmospheric and ballistic corrections.— For firing against 
terrestrial objectives and balloons, these corrections are the same as 
for percussion firing, with an additional correction if necessary for the 
fuze setting. 

The firing tables give corrected fuze settings corresponding to 
barometric conditions other than the tabular ones, due either to 
altitude or other causes.^ 

For mat^riels with fuze setters, these corrections are made with the 
corrector scale. 

1 The tabular barometric conditions are based on an altitude of 150 m. for most 
materiels and 1,500 m. for the mountain artillery. 

Certain firing tables (145, Model 1910) contain charts for use in firing against balloons 
as follows: 

(a) The correction in the fuze setting as a function of the range of the objective and 
the difference in altitude between the objective and the piece. 

(6) The correction in the fuze setting corresponding to a variation in air density and 
to a given wind velocity. 
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RECONNAISSANCE. 

63. Object. — ^Terrestrial reconnaissance is made by artillery com- 
manders of all units. The objects are: 

(a) The selection of positions for the artillery and its various imite 
of information, observation, and command, together with the routes 
of approach. 

(F) The organization and distribution of the work of installation. 

On the care and skill with which the reconnaissance is made de- 
pends in a large measure the rapidity and success of the actual occu- 
pation of the position. 

A complete and timely reconnaissance always saves considerable 
labor for the personnel in construction, and often prevents losses. 

It is therefore very necessary to push forward a reconnaissance as 
soon as instructions are received looking toward the engagement of 
the artillery. 

< 63 
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CHAPTER 1. 
SEX£CnON OP BATTERY POSITIONS. 

53. Object. — ^The prime consideration is to enable the battery to 
fulfil its tactical mission. Provision must be made for delivering 
an effective fire on points whose position is defined by the direction, 
range, and site. 

GENERAL REMARKS. 

54. The general location for the artillery is fixed by the higher 
command. Within this position, the various artillery commanders 
select the positions definitely, based on the following considerations: 

(a) If the mission of the batteries is not definitely prescribed at 
the Deginning, give them the greatest possible field of action. 

(6) If the mission of the batteries is definitely prescribed from the 
beginning (the exceptional case), give them the ^eatest possible 
protection compatible with the fulfilment of this mission. Defilade 
them from terrestrial, and if possible, aerial observation. 

(c). Facilitate liaison and command. 

(a) Assure the ammunition supply and the installation of the per- 
sonnel imder the best possible conditions. 

TERRESTRIAL DEFILADE. 

55. Delliiltloiis.--'A battery is said to be defiladed from a given 
point when an observer at this point can not see the battery. • 

A battery may have terrestrial defilade, due either to a covering; 
mass or a mask. 

A covering mass shelters from view, and also affords a certain 
amount of protection. It is generally a fold in the ground whose 
summit is called a erest. 

A mask simply affords shelter from view (hedge, line of trees, em- 
bankment, wall). 

The plane of defilade is the plane from the point from which 
defilade is desired, to the summit of the covering mass or mask. 

The defilade of a battery from a point is its distance below the 
plane of defilade. 

66778*'--18 5 65 
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56. The defilade in meters is d X (S— S''), where d is the distance 
in kilometers from the position to the mask S the site in mils of the 
mask from the position, and S'' the site in mils of the point from which 
defilade is secured, seen from the summit of the mask* . 

57. Firing from behind a mask.— The hattery position in rear 
of the mask must be such that the projectile, in firing on a given 
objective, will: 

. !a) Pass above the summit of the mask. 

(6) Reach the objective without encountering intermediate 
obstacles. 




Fig. 20. 

58. Clearing the mask. — Let T (fig. 21) be the elevation corre- 
sponding to the objective. 
: t the elevation corresponding to the range of the mask. 

S the site of the objective. 

S^ the site of the mask. 

1 The defilade PC of the position P from B (fig. 20) is the product of the angle PAC 
in mils and the distance d or dx (S— S'). 

When the summit of the mask is not accessible, S' can be determined from the 
site S" of B from the base of the mask, by the expression: 



where ft is the height of the mask in meters and D the range of the objective in ldlo»« 
meters. The derivation of this expression can be seen from the figure. 
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The quadrant elevations corresponding respectively to the tra^ 
jectories passing through the objective and the summit of the mask 
are: 

T-hS and ^+S^ 

The mask will be cleared when: . 

T+S>+S^ 
Which may be written 

SXT+S- 
Whence the rule: * 

The mask will be cleared when the site of the mask is less than the 
elevation for the objective increased algebraically by the site of 
the objective, and decreased by the elevation for the range of the 
mask.* 




Fig. 21. 



59. The terrain between the mask and the points of fall of tra- 
jectories just clearing the mask is called the dead space. 

The limits of the dead space should be determined as soon as 
possible and marked on a battle map together with the horizontal 

» Or the inequality may be written 

T-OS'-S 

Whence the rule: The mask will be cleared when the difference between the site 
of the mask and the site of the objective is less than the difference between the eleva- 
tion for the objective and the elevation for the mask. 

a The principle of the rigidity of the trajectory is assumed (p&T. 38). 
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field of fire. This information is called ^he possiblUtfea of ira and 
riiould be furnished to the commander concerned. 

60. Remarks. — For mat^riels having several chargeSf there is a 
different dead space for each charge. The same is true for the 
various projectiles, where the trajectories differ. 

In calculating elevations, allowance should be made for dispersion 
in elevation ana changes due to atmospheric conditions. 

When the covering mass is a ridge, tne rules for clearing the mask 
are in general satisfied by two positions, one close to the crest, called 
the erest position, the other at or back from the base of the ridge, 
called a position of deep defilade. 

61. To insure tliat the trajectory will encounter no inter- 
mediate obstacles. — Determine from the battle map the range and 
altitude of intermediate obstacles in the plane of fire and compare 
them with the corresponding points of the trajectorv. 

In making this examination, particularly for obstacles close to 
friendly troops, increase the altitude of the obstacles by the height 
of troes and by six tabular height probable errors for the range used. 

FLASH DEFILADE.. 

6!8. Defilade of this character is involved only in the case of hos- 
tile balloon observation.* 

It is ordinarily possible onlv for positions close to the nmsk 2, or 
in localities generally situated so as to afford deep defilade. It can 
sometimes be obtained by constructing an artificial mask a short 
distance in front of the battery. 

Flash defilade is possible in general only for materiel firing at 
relatively high elevations. For flat trajectory pieces, the elevation 
is often less than that of the balloon, so that even an artificial mask 
can be only partial or lateral. 

Lateral masks are useful in screening from the view of balloons 
placed obliquely to the front of the battery. This precaution 
should not be neglected, as experience has shown that adjustment 
by the combined observation of several balloons is dangerously 
acciuute. 

1 Four meters is sufficient for the flash defilade of a 75 battery, 8 meters for smoke 
defilade. 

* Positions dose to the mask also require hostile aeroplanes to fly directly over the 
battery in order to adjust fire, which increases the difficulty of this operation. 
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63. Dust d^llade. — ^This is difficult to realize in most cases, but 
it is sometimes possible to select the position so as to have moist 
ground, pools, or water courses in front of the pieces. 

AERIAL DEFILADE. 

64. Terrestrial defilade is relatively easy to obtain as compared 
with aerial defilade. 

Aerial observation, and particularly aerial photographs, are the 
most successful means of discovering battery positions, due to: 



(a) The smoke, flashes, and dust of firing. 

bJT ■ 



The characteristic aspect of battery emplacements, the blast 
mar^ on the ground in front of the pieces and paths and other evi- 
dences of occupation of the position. 

(c) Indications afforded by the routes of supply. 
Tne adjustment of fire on a battery by aerial observation is facil- 
itated by the proximity of a prominent point, and if the emplace- 
ments stand out clearly with respect to the surrounding ground. 

65. Concealment* — Batteries iray escape detection by aerial ob- 
servation and photographs by means of: 

!a) The nature of the terrain and the natural cover it affords. 
6) Skillful construction of the emplacements and the approaches. 
c) Camouflage.* 
a) In certain cases, the use of smoke producers affording a mo- 
mentary screen. 
The first means is the test. 

RECONNAISSANCE OF POSITIONS. 



66. Defilade.— First determine from just what points of the hostile 
positions the battery position is visible. This includes not only 
those immediately in front of the position, but those to the flanks as 
well. A casual examination of the map is not sufficient. 

All such points should be carefully measured instrumentally, as 
with a decimated plane table or aiming circle. 

The defilade of the position, and its approaches, from dangerous 
points of the hostile position and from balloons, is then determined 
(par. 55.) 

1 Camouflage must be used to conceal the construction. It is foolish to camouflage 
a battery position after it has been constructed in the open. 
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IiL. general, the security of a position increases with its defilade, 
positions of deep defilade should be sought when conaistent with the 
mission of the battery. In addition to the protection afforded, they 
are comparatively easy of access. 

In some cases, deep defilade may be disadvantageous, as for ex- 
ample: 

(a) Some positions, although well defiladed terrestrially, do not 
lend themselves to concealment from aeroplane observation. 

(6) The amount of artillery to be emplaced may demand the use 
of all available positions. 

(c) Low ground may have serious drawbacks, such as: 

Gas clouds settling on it. 

Dugouts not possible. 

Apt to be subjected to systematic fire. 

67. Trench artillery. — On account of its short range, trench ar- 
tillery must often occupy positions without defilade. Such p si- 
tions should be solidly constructed and not placed near prominent 
points. 

«8. Places suitable for battery positions.— (a) Woods gener- 
ally afford excellent positions. The emplacements are difficult to 
discover and locate by aerial observation, the»indications of occu- 
pancy are easily concealed, the adjustment of fire on them is very 
difficult, and materiel for construction is readily obtainable. 

But projectiles bursting in a wood are generally more than 
ordinarily deadly. Positions at the edge of the woods are easily 
located accurately. The same is true of positions in a small clump 
of woods. Such positions facilitate the adjustment of fire. 

(h) For similar reasons, the ruins of villages affcrd excellent posi- 
tions. Concealment is facilitated, especially if the pieces are irreg- 
ularly distributed. It is easy to avoid evidences of occupancy. 

(c) Orchards are likewise suitable for pieces of small caliber. 

(a) Infantry works also afford good positions for artillery of small 
and medium caliber. The construction may be effected without 
attracting attention. 

The trench systems of defensive positions (2d and 3d lines) are 
favorable for emplacements. It is difl&cult to locate batteries so 
emplaced. 

(e) Positions along roads are accessible and offer no evidence of 
occupancy; but if the road is much used the firing and ammunition 
supply may obstruct traffic. 
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69« On open ground it is very difficult to conceal positions, 
especially on aeroplane photographs. This diflSculty is enhanced 
if there are visible routes of supply, or evidences of occupancy. 
Under such conditions the dispositions should conform to the general 
lines of cultivation or other natural features. Proximity to promi- 
nent points should be avoided, since they would facilitate both the 
location of the battery originally and picking it up subsequently. 

This precaution is particularly important in case the position is 
visible from hostile balloons, for adjustment by balloon ooservation 
is much hampered by the absence of a prominent point near the 
objective. 

(See *'The Organization and Construction of Battery Emplace- 
ments" for details of the construction of emplacements.) 
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CHAPTER 2. 
SELECTION OF OBSERVATION POSTS. 

70. Artillery observation posts are of three kinds: 
Intelligence observation posts. 

Command observation posts. 

Firing observation posts. 

There are also auxiliary observation posts. 

INTELUGENCE OBSERVATION POSTS. 

71. These are the subject of special regulations. 

COMMAND OBSERVATION POSTS. 

72. These posts are to keep commanders informed as .to the situar 
tion and indications of hostile activity. 

They should be situated on elevated points of the terrain, so as to 
afford an extended view of the sector and not merely of the zones of 
action of the batteries. 

In order to facilitate observation of the terrain and to take advan- 
tage of information obtained, the battalion and group observation 
posts should constitute an observation system (r^seau d'observa- 
tion). The fields of view of the various posts should overlap. Such 
a system is particularly important for the heavy artillery. 

FIRING OBSERVATION POSTS. 

73. These posts must, above all, permit the objective to be 
seen, even in unfavorable weather. They should be close to 
the first line. 

In addition, they should if possible: 
Have some command. 

Afford eosy communication with the battery (telephone and 
optical if possible V 

Be close to the line of fire (par. 106]. 

74. Heavy-gun batteries. — For neavy guns (artillerie lourde 
longue), the radius of action of a battery is generally too extended to 
permit covering the entire battery zone from one observation post. 

In this case, observation should be organized by battalions or 
groups (groupement). Suitable provision must be made for adjust- 
ment on datum and witness points. 

72 
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AUXILIARY OBSERVATION POSTS. 

75. In addition to the principal firing observation posts, each 
battery may make use of auxiharjr observation posts, for certsdn 
points not clearly visible from the principal posts. If these posts are 
used in bilateral observation^ a frequent case for heavy howitzers 
Tartillerie lourde ceurte), theu* positions with respect to the line of 
nre should be taken into consideration (Appendix 8). 

76. Barras[e batteries. — Batteries charged with barrage fire 
should establish near the battery position a substitute observation 
poet for use in case of hostile attack or failure of communication. 

RECONNAISSANCE OF OBSERVATION POSTS. 

77. Elevated points are often used for observation posts, such as 
crests, trees, steeples, smoke stacks, etc. Underground posts aare 
also used. 

78- The observer must function however violent the action. 
Communications must be made as reliable as possible. 

Permanent observation posts can be occupied by a considerable 
personnel of observers and telephone men. The construction 
involved is considerable,^ and must be done very cautiously. 

79. Approach to observation posts.— The observation post 
should, if possible, be near a defiladed road, giving easy access 
without exciting the suspicion of the enemy. The edges of woods 
and villages, and constructions of various kinds are advantageoirs in 
this respect, and in addition, afford elevation above the ground. 
Observation posts are revealed in aerial photographs by loose dirt, 
telephone lines, paths, and approaches, which end at tne post. If 
the approach to a post is independent of a preexisting route (path 
or trench), the approach constructed must be prolonged past the post 
or camouflaged. This should be provided for in the reconnaissance. 

80. As soon as the reconnaissance has been made, standing orders 
are issued governing circulation and restricting it as much as 
possible over the ground nearby, which is visible to the enemy. 

These orders must be adhered to by all persons, r^ardless of rank. 

I Extreme care must be taken to conceal the work, utUizing both the natural 
cover afforded by the ground and camDuflage. It h advantageous to use infantry 
works, mingling the dirt thrown up with that of works already identified by the 
enemy. 
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CHAPTER 3. 
SELECTION OF COMMAND POSTS AND RADIO STATIONS. 

81. Artillery command posts must afford: 

( a) A sure means of command . 

(b) Constant touch with the situation. 

(c) Ready liaison with the commander of the infantry which tlic 
artillery is to support. 

82. Radio stations are close to their command posts in order to 
have: 

(a) Prompt communication. " 

(6) A constant check on the firing hy aerial observation. 

83. Command posts of higher artillery commanders. — 
Division and corps artillery commanders should be near the division 
and corps commanders, respectively. 

84. Regiment and group command posts. — These should be 
near roads. It is important to insure rapid and reliable communica- 
tion by orderlies or cyclists, if possible, under all conditions with the 
divisional artillery, the h'feavy artillery, and the infantry to be sup- 
ported, as well as with the battalions of the raiment or group. 

It should be remembered that the low parts of the ground collect 
gas clouds. 

It is well to conceal the circulation about command posts. 

85. Battalion command posts. — Battalion command posts are 
chosen on the same considerations. 

They should permit easy supervision of the personnel and work 
of the batteries. 

It is desirable that the battalion commander be able to see his 
batteries, and at the same time be near an observation post. 

86. Battery command posts. — Battery command posts are 
selected in the immediate vicinity of the battery. 

87. The command posts of the different artillery units may be 
near each other, but they should never be in the same emplacement. 

74 
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CHAPTER 1. 

THE OBJECTS AND GENERAL PRINCIPLES OF 
OBSERVATION. 

88. The objects of artillery observations are: 
To locate objectives. 

tTo observe and adjust artillery firing. 
To observe a zone, 
servation must be reliable and, as often as possible, continuous. 
If the observer is inattentive or inexperienced, the artillery fires 
more or less at random, wastes ammunition, is poorly infonned, and is 
not promptly responsive to calls made upon it. 
83. The artillery has available for this service: 

(a) Terrestrial observation posts. 

(b) Balloons. 

(c) Aero lanes. 

90. Characteristics of the different methods of obseira- 
tion. — (a) Terrestrial observation is continuous, permits the use of 
precise measuring instruments, and is relatively independent of 
atmospheric conditions . But reliable terrestrial observation requires 
a long and careful study of the terrain, and involves an elaborate 
system of communications. The field of view is limited, and the 
deviation ^ of shots can but rarely be evaluated. 

(b) The balloon permits continuous observation, and constant and 
reciprocal communication between the battery and the observer. 

But the balloon has a limited field of view and the observing line 
is always oblique. 

(c) The aeroplane affords rapid, accurate, and vertical observation 
on even the most distant and difficult objectives. But the observa- 
tion is not continuous, and the communication between the aeroplane 
and the battery is generally not reciprocal . 

Moreover, both balloon and aeroplane observation depend largely 
on atmospheric conditions. 

1 Distance from the objective. 
76 
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CHAPTER 2. 
TERRESTRIAL OBSERVATION. 

M* Org^anixatioii of terrestrial obserFation.-— Terrestrial ob- 

Bervatioii consists of: 

(a) Intelligenee observation posts. — ^The organization and use 
of these observation posts is covered by the Intelligence R^ulations. 

(6) Command observation posts for artillery, pertaining to the 
different units, such as the battalion, regiment, group, division artil- 
lery, and corps artillery. 

These observation }>Osts afford each unit a general view of the zone 
assigned to the batteries of the unit. They Siould fulfill the general 
requirements stated in paragraph 72. 

They may sometimes be used as firing observation posts, in which 
case they should fulfill the conditions of paragraph 73. 

(c) Firing observation posts (observatoires de r^glage) properly 
speaking, and sometimes auxiliary observation posts (postes d'obser- 
vation auxiliaries). These observation posts pertain to batteries or 
battalions, depending on the circumstances. 

92. Terrestrial observation for the artillery comprises: 
(d\ Preliminary topographical operations. 

(h) Observation of fire. 

{c) Observation of the zone. 

PRELIMINARY TOPOGRAPHICAL OBSERVATIONS. 

93. Determination of the coordinates^ of the observation 
post. — ^This is done by topographical methods, using an angle meas- 
uring instrument (plane table, aiming circle, scissors telescope, peri- 
scope goniometer, etc.). If such instruments are not available, the 
observation post must be located as accurately as possible with re- 
spect to near-by points accurately shown on the battle map (see Ap- 
pendix 11). 

94. Determination of an origin line (direction origine). — An 
origin line is selected near the center of the sector of observation, to 

77 
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which angular measurements are referred ^ Its Y-azimuth is deter- 
mined by means of a declinated instrument, or one oriented on known 
points. 

These various characteristics of the observation post are entered 
in the obseiratton post book (camet d'obeervatolr^), and are 
plotted on the battle maps and firing board. 

95. Betermlnatlon of datum (but auxdliaire) and witness 
points (but t^moin). — ^All points suitable for datum fcnd witness 
points are located. They should conform to the conditions of para- 
graphs 292 and 299. 

OBSERVATION OF flRE. 

96. Dellnitions.— The field of tlie obsenrc^r is the angle between 
the*right and left limits of observation either with an instrument or 
the naked eye. 

The observing sector (zone d 'observation) is the sector subtended 
by the objective as viewed by the observer. 

The observing line (ligne d' observation) is the line joining the 
observer and the adjusting point of the objective, or the point on 
which the fire is adjusted. 

The observer displacement (angle d' observation) is the angle at 
the objective between the observer and the battery. 

97. Choice Of an adjusting point (point de r^glage).--When 
the objective has been identifi^ on the j^ound an adjusting point 
should l>e chosen. It must be clearly visible and should facilitate 
observation for range as much as possible. 

98. The observer always refers the position of a shot to the observ- 
ing line. 

99. Direction.— The points of fall or burst are reported "right" 
or '4eft" by the observer as he sees them. The amount should be 
accurately measured by the observer with the instruments at his dis- 
posal. 

100. Range. — In the general case shots are observable for range, 
or sensable, only when they are in the observing sector. 

A burst is short or over according as it hides the objective or brings 
it into relief against the smoke. 

1 If the sector is very extended, several origin lines may be used. 
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If the ground about the target slopes downward toward the obr 
server, and if the point of fall is within the observing sector, the shot 
is short or over according as the point of fall is below or above the 
objective. 

In the absence of smoke the dust and fragments thrown up by the 
projectile on striking may give information and should be carefully 
observed. 

It is generally unsafe to consider a shot as short when the burst, 
though short, has a height greater than 1 mil (referred to the bat- 
tft^), for the trajectory may be over. 

When the pattern on the ground of an air burst is entirely over, the 
trajectory is over, whatever the height of burst. 

In general, the range deviation or burst interval of a shot can not 
be determined, even though the shot be sensed. In some cases, how- 
ever, there may be points near the objective which can be identified 
and which are shown on the battle map. In this case such points 
afford a scale by which distances may be estimated. 

After a shot falls the observer should promptly report it as ** short,*' 
"over," or ** doubtful." It is sometimes advantageous, however, to 
allow time for the smoke cloud to form, and possibly drift. But in 
doing this due consideration must be given to the possibility of the 
smoke drifting in the direction of range. 

Observation must be very prompt in the case of H. E. shell of small 
cahber, as the black smoke available for observation is very fugitive. 

Observation may be facilitated by a judicious selection of the fuse, 
taking into consideration the nature and condition of the ^ound.^ 

It is sometimes necessary, particularly when the bursting charge 
is small, to use adjusting proJectOes. 

101. Height of burst.— The height of burst with respect to the 
base of the objective or the covering crest should be carefully meas- 
ured instrumentally by the observer. 

1 In general, the instantaneous fuse gives a ball of smoke which is easy for aeroplane 
observation. 

The nondelay fuse gives an abundant but irregular cloud of smoke, which is suit- 
able for terrestrial or oalloon observation. 

The short-delay fuse, bursting above the vround after ricochet, is not well suited to 
terrestrial observation if the objective is of low relief. 

The long-delay fuse is unsuitable for observation, as it gives very little smoke. 
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l©!?. Remarks. — ^Unless the observer is himself conducting the 
fire, h« simply reports the position of the shots in direction and 
height. The officer conducting * the fire converts these data into 
appropriate corrections to be applied at the battery. 

The departure of the shots should be announced to the observer, 
in order tnat he may know when to expect the bursts and to enable 
him to report promptly in case a shot is lost. 

SPECIAL CASES OF OBSERVATION DUB TO THE RELATIVE POSITION 
OF THE OBSERVATION POST AND THE BATTERY. 

103. First ease. The observer is on the line of iire.— This is 
called axial observation. 

(a) The observation post is approximately the same distance from 
the objective as the battery. 

The deviation of a shot in deflection and height of burst can, in 
this case, be corrected without transformation for the position of the 
observer, at least when the shots are close to the objective in range.* 

(b) The observation post is not at the same distance from the 
objective as the battery. 

The deviation of a snot in deflection and height of burst as seen 
from the observation post must be transformed to the position of the 
battery by multiplying by the ratio of the distance of the observer 
from the objective to tne range. 

104. Second case. The observer is not on the line of fire.— 
If the observer displacement is less than 100 mils, observation is 
practically the same as in the preceding case. 

If the observer displacement is greater than 100 mils, but less than 
1,300 mils, the observation is called lateral. 

The deviations as seen by the observer are different from those 
with respect to the battery in both range and deflection. 

As seen by the observer, shots fired under the same conditions 
will be dispersed laterally due to a combination of the dispersion in 

1 Conduct of Are consists in employing the technical means necessary to cause fire 
of the desired nature to be brought to hear upon the objective. 

Fire direction is the tactical command of one or more fire units with a view of bring- 
ing their fire to bear upon a suitable position upon the proper objective at the appro- 
pnate time. 

2 When the observation post is elevated with resi)ect to the battery, the apparent 
height of burst will differ from the true height. 
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range and deflection. The lateral dispersion increases with the 
observer displacement. 

If the observer displacement is greater than 1,300 mils, the obser- 
vation is said to be flank. 

As seen by the observer, the lateral dispersion is due to the dis- 
persion in range . Range adjustment is facilitated by the possibilit y 
of measuring range deviations, but deflection adjustment is more 



OBJ. 




Fig. 22. 

difficult because the range dispersion carries the shots out of the 
observing sector. 

105. Unilateral observation. — Unilateral observation is the use 
of one observer in lateral observation (Appendix 7). 

The initial firing data should be carefully determined. This ifl 
&u:ilitated by using a place sketch (par. 170). 

Fire should be begun with the initial data. 

66778'— 18 6 
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The shots should then be brought on the observing line by chang- 
ing one or the other of the elements of elevation and deflection. ^ 

Let Ci be the first shot which is observable, sensed short. 

Ci is plotted on the sketch, and the line PCi drawn through it. If 
an elevation change corresponding to one fork is made, without 
changing the deflection, the shot will fall at, say, C2 and not be sensa- 
ble. To bring C2 on the observing line, the deflection must be 
changed bv CiPCJ, which can be measured from the sketch. 

This deflection change is tried and corrected if necessary. The 
deflection change corresponding to a given range change is generallv 
practically constant, and when once established, can be used for all 
subsequent range changes. 

106. Remarks. — Lateral observation involves a considerable 
expenditure of ammunition. The expenditure increases with the 
observer displacement, as the dispersion in range reduces the num- 
ber of sensable shots. 

Whenever possible, lateral obseiration should be supple- 
mented by axial observation. The latter will at least serve to 
abbreviate the deflection adjustment. 

Bilateral observation can also be used (Appendix 8). 

Lateral observation makes the formation 01 the sheaf difficult, 
because of the dispersion in range. For this reason, it is advan- 
tageous to adjust with groups of two shots at the same data. 

OBSERVATION OF THE ZONE. 

107. Study of hostile works. — ^The hostile terrain and works 
visible from the observation post should be minutely and systemati- 
cally studied with all available means, such as observing instru- 
ments, battle maps, and aeroplane photographs. Important points 
are located accurately with respect to the origin line (par. 94). 

These points should be shown on a panoramic sketch, and 
entered on the observation post data book and on the battle map. 

A map should be prepared so as to show the parts of the terrain 
which are visible and hidden (visibility sketch). 

1 Change the deflection when the observer displacement is between 100 and 300 
mils. Change the elevation when the observer displacement is between 300 and 
1,300 mils. 
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108. An active and continuous observation is maintained at the 
observation post in order to : 

Discover all details of the hostile terrain and works. 

Follow changes in them. Such changes should be properly re- 
corded. 

Immediately report all objectives appearing in the field of the 
observer. 

All indications of hostile activity, such as construction, move- 
ment, firing, etc., are carefully noted. 

Such observations should be measured and entered, together with 
the date and hour, on an observation sheet, and plotted on the 
maps and sketches. 

OBSERVATION POST RECORD. 

109. The sketches, maps, and records previously described are a 
part of the obseiraiion post record,^ which is completed by the 
standing orders and liaison system (dossier de Pobservatoire, 
consigne, schema de liaisons). 

The standing orders are issued by the commanding officer to whose 
unit tiie observation post pertains. These orders prescribe the serv- 
ice of the observation post and the measures to be taken to prevent 
its discovery by the enemy (pars. 79 and SOV 

The liaison system prescribes to whom tne information obtained 
shall be conmiunicated, and the order of priority. 

1 Copies showing the positioii of the observation jwst, the routes of approach and 
circulation near it, the liaison system, visibility sketches, etc., are forwarded to the 
appropriate commander, who distributes this information to the units concerned. 
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PREPARATION OF FIRE. 
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CHAPTER 1. 
OBJECT AND DEFINITIONS. 

110. The object of the preparation of fire is to open fire under 
the most favorable possible conditions. 

It consists of: 

I^eliminary topographical operations. 
Establishment on the base line. 
Determination of the initial elements of fire. 

111. Prelimtnary topographical operations (chap. 2].— The 
object of these operations is to find the topographical elements 
necessary for the establishment on the base line and the determi- 
nation of the initial elements of fire. 

They are performed partly during the reconnaissance and com- 
pleted after the position is occupied. 

112. Establisnment on tlie baseline (chap. 3).— This operation 
is to facilitate and hasten laying for direction on tne different objec- 
tives which may be subsequently assigned to the battery. 

It is carried out for each battery immediately after the occupation 
of the position and the assignment of a sector. 

A battery is said to be on the basje line (en surveillance) when the 
plane of fire of a particular piece (generally the first), called the 
base piece (pi^ce directrice), is directed on a well-defined point 
taken as. the base point (point de surveillance), and when the 
planes of fire of the pieces are parallel. The planes of fire of the 
various pieces, taken as a whole, are called the sheaf (faieceau). 

The line joining the base piece and the base point is callea the 
base line (direction de surveillance). 

The base point is a point of the terrain or of the enemv works, and 
situated within the sector. It is generally shown on the map, and 
is generally invisible from the battery position. Sometimes it is 
visible from an observation post (observatoire), from which it is 
simply designated on the terrain without being laid out on the map. 

One base point may be common to several batteries. 
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A battery can have several base points, in which case they are 
designated as No. 1, No. 2, etc. 

The base point mayjae the objective itself, if fire must be opened 
immediately, or if there be but one objective. 

US. The battery being on the base line, when sm objective is 
assigned, the initial elements of fire are determined, and the pieces 
laid for range and direction (chap. 5). 

114. For both light and heavy artillery, it is very necessary that 
the preparation of fire be as accurate as possible. The battery 
emplacements are usually defiladed, and the objectives visible only 
from observation posts considerably separated from the battery. 
Sometimes the objectives are visible only from aeroplanes or balloons. 
It follows that ^e can be prepared accurately only by means of a 
map giving exactly the location of the pieces, base points, and 
objectives. 

115. When maps are not available, or are not satisfactory, fire 
must be prepared by improvised methods, dependiDg on the cir- 
cumstances and based on measurements taken from suitably chosen 
observation posts. 

In such cases, the preparation of fire is by the same principles as 
ordinarily, but with some modifications, as given in Chapter 4. 

116. Definitions. 

Battle map (plan directem*). — ^A large scale map (1/20000, 
1/10000, 1/5000), showing the enemy works, and, in some cases, 
our own. 

Plane table (planchette topographique). — ^A board, with tripod, 
on which is mounted a squared sheet, or a battle map, used for topo- 
graphical operations on tne ground. 

Firing board (planchette de tir). — ^A board on which is mounted 
a squared sheet, or a battle map, showing the orienting line 
(direction repere), the base piece, tne objectives, the witness points 
(buts jt^moins) and observation posts, used in the accurate measure- 
ment of the map elements of fire. 

Triangula tion system (canevas d' ensemble). — ^A network of 
natural or artificial points or markers whose position is accurately 
known. It is used for the topographical operations incident to the 
preparation and observation of artillery fire. 
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Lambert north, or Y-line. — The direction of the vertical lines 
of the map squares, from bottom to top (Lambert system of 
projection). 

Y-Azimuth of a line (gtsement). — ^The horizontal angle which 
this line makes with the Lambert north, or Y-line, measured clock- 
wise from the north, to 6400 mils (or 4000 decigrades). 

117. Orientation and Declination of Topog^raphical Instru- 
ments. 

Plane table. — ^The plane table is said to be oriented when the 
lines joining plotted points are parallel to the corresponding direc- 
tions on the ground. The plane table is said to be deelinated when 
the declinator is so set that, when the plane table is moved so as to 
bring the compass needle opposite its index, the plane table is 
oriented. 

Goniometer, or angle-measuring^ instrument.— The gonio- 
meter is said to be oriented when the zero of its horizontal scale is 
on the Y-line. 

An aiming circle is said to be deelinated when the reading (declina- 
tion constant) (division de declination) is known which must be 
set oft in order that, when the needle is brought opposite its index 
by liie general motion, the instrument will be oriented. 
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CHAPTER 2. 

PREUMINARY TOPOGRAPHICAL OPERATIONS— GENERAL 
REMARKS. 

118. The preliminary topographical operations incident to the prep- 
aration of fire consist of: 

(a) Operations by the battalion reconnaissance officer (officeier 
orienteur pour le groupe) . 
(6) Supplementary operations in each battery. 

119. In general, the preliminary operations by the reconnaissance 
officer are: 

(a) The establishment near each battery of an orienting line 
(direction-rep^re), which is a line materiahzed on the ground. Its 
I -azimuth must be determined. 

(b) The location horizontally and vertically of one or more place 
marks (rep^res de position) near each battery. 

The reconnaissance officer performs these oi>erations as soon as the 
battalion commander indicates the battery positions, without waiting 
for the battery commanders to select defimtely the positions for the 
pieces Cpars. 122 to 135). 

120. The supplementary topographical operations are performed 
by each battenr as soon as the position is occupied or the positions 
for the pieces fixed. They are: 

(a) The location horizontally and vertically of the base piece 
(par. 134). 

(6) The location of the other pieces with respect to the base piece, 
usually by the direction of the front of the batteryj the distances 
between the pieces, and sometimes the differences m level of the 
pieces (par. 135). 

131. If the battalion topographical operations are not completed 
in time, all of the operations neceffesary for the preparation of fire 
must be performed by the batteries themselves (par .v 136). 

Conversely, the reconnaissance officer may have to perform or 
verify the battery topographical operations. 

The battalion commander apportions the top(^raphical operations 
necessary between the reconnaissance officer and the battery com- 
manders. 

89 
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BATTAUON TOPOGRAPHICAL OPERATIONa 

122. Selection of the orienting line.— The orienting line is an 
origin in laying the pieces for direction. 

It should therefore be selected so that, from one or more points on 
it, the pieces of the battery will be visible and within calling dis- 
tance. 

Frequently it is best to have it parallel or slightly oblique to the 
front of the batteries. This is necessary when the pieces must be 
laid for direction individually, as when the batteries are in woods 
or casemates. 

123. Whenever possible, the same orienting line should be used 
for all of the batteries of the battalion. 

124. The orienting line must be clearly materialized on the 
ground (fig. 23). 

Ordinanly it is staked out by several markers carefully aligned. 
The number of these should be such that from all points of the line 
which must be used, at least two markers can be seen in the same 
direction. Whenever possible, the line passes through a distant 
marker consisting of a natural object (tree, bush, spot on the ground), 
a construction (steeple, chimney), a stake or flag specially placed 
for this purpose, or even a fictitious point having a real appearance 
to an observer on the line (intersection of the profiles of two woods 
or portions of the terrain). 

The other markers should be stakes solidly planted and tagged so 
as to be easily seen and recognized by the personnel of the battalion. 
These markers should be made in advance by each battalion and 
carried with the topographical instruments. 

The necessary measures should be taken to prevent the markers 
from being disturbed. 

Sometimes an orienting line is found clearly traced on the ground, 
such as a railroad, or canal bank. 

125. The detennlnation of the orienting line.— The orienting 
line is determined by drawing it accurately on the squared sheet or 
on the battle map, or by fincung its Y-azimuth. 

The determination is by one of the following methods: 

126. First. Use of decllnated Instrument. — Set the instrument 
over any point of the orienting line, carefully avoiding masses of 
metal. It should not be nearer to the pieces flian 50 meters. The 
helmet should not be worn. 
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Orient the instrument by means of the compass. 

Sight on the orienting line. 

If the goniometer is "used, read the Y-azimuth of the sight taken. 

If the plane table is tised, draw the sight taken. The dEirection of 
this line is defined either by its Y-azimuth read with the protractor 
or by the measured coordinates of two points on it. 

The method by using a declinated instrument is the most rapid. 
It is sufficiently accurate for light artillery and for heavy howitzers 
and mortars,* provided the instrument is declinated in the locality 
where it is used. 




Fig. 24. 

The first operation may be verified by setting up over a second 
point of the orienting line not less than 100 meters from the first 
point used. Take the first station to have been at A and xy the 
orienting line drawn on the plane table at this station (fig. 24). At 
the second station B, set any point z of xy over the station. With the 
plane table oriented, redraw the orienting line through z. The 
second line should coincide with the first. When using the gonio- 
meter, the two Y-azimuths read in this manner should agree within 
2 or 3 mils, the mean being taken. 

If there is disagreement between the lines drawn at the stations A 
and B, it is due to local variations in the compass needle. Repeat 
the operations (fig. 24) at other stations C, D, etc. When results are 
obtained which are in agreement, they will determine the orienting 
line. 

1 Plane table or aiming dicle, 5 mils. Theodolite, 2 or 3 mils. 
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127. Second. When the orlenthig Une Is tied to an orient- 
faig^ point (station d' orientation). — (a) If there is a point S, from 
wMcn it is possible to orient accurately by means of distant knovm 
points and from which the battery position can be seen, the orient- 
ing line should pass through this point (fig. 25.) 

Such a point as S is called an orienting point. By simply set- 
ting up over it and orienting the instrument the orienting fine can 
be determined. 



*- .-?CS*fi*ag.tine ' 
Poim oii Horizon. 




tChimDcj 
I at 5 km. 



A Tower at iq km. 



Fio. 25. 



If the position of the battery can riot be seen from an orienting 
point, but if it can be reached from this point by a traverse of a few 
courses, the method is as follows: Set up over S and determine first 
a line ST, which should be staked. Then go to any point U of this 
line (fig. 26), orient on the fine ST (par. 466), and determine another 
line UV, which should also be staked. Continue in this way until 
a line is determined which can be used as an orienting line for the 
pieces. 

In the use of the traversing method, stakes on which sights are 
taken must not be nearer than 100 meters, and the instrument must 
be set up on the Une within 5 cm. 
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The traversing method must not be used if the number of courses 
necessary is more than three for the plane table or aiming circle, or 
five for flie theodolite. If the number of courses necessary exceeds 
these limits, it is better simply to transfer the orientation from S to 
the orienting line directly by means of the declinator. 

128. Third. Use of astronomleal methods.— For long-range 
firing, requiring great accuracy, the Y-azimuth of the orienting line 
may be determined astronomically, Using the theodolite. 




FlQ. 26. 

129.~Fourth. Use of a distant maHter.— ^The orienting line 
may sometimes be directly determined from the known coordinates 
of two points on it, one, O, near the battery, which might be used also 
for the Dase piece, and the other, R, distant but visible from O. 

The two points O and R are plotted on the plane table by their 
coordinates. The Y-azimuth can then be measured with a pro- 
tractor. The Y-azimuth can also be calculated directly from the 
coordinates of and R. 
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In using this method, the distance OR shotild be of an order of 
magnitude comparable with firing ranges. The point R must be 
accurately known and O must be capable of accurate determination. 

130. Seleetlon and location of place marks.— The place 
marks located by the reconnaissance oflicer are to facilitate the loca- 
tion horizontally and vertically of the base pieces. They should be 
near the battery positions. 

Sometimes a single place mark can be used for two near-by bat- 
teries. 

131. Place marks are indicated by stakes so referred to near-by 
objects as to enable them to be reestablished in case they are dis- 
turbed. It is sometimes possible to use existing monuments, trees, 
or various other clearly defined objects whose permanency is assured. 

1312. Determination of the coordinates of a place mark. — 
This determination is based on near-by points of the triangtdation 
system, or on details given on the battle map. As a rule, it should be 
made by a closed traverse. The three-point method (pars. 472 and 
473) may also be used, verified, if possible, by a traverse. 

133. The information and numerical data needed by the batteries 
in order to utilize the determinations of the reconnaissance officer 
in the preparation of fire are furnished to them individually, usually 
in the form of a sketch. 

BATTERY TOPOGRAPHICAL OPERATIONa 

134. first case— Using data supplied by the reconnaissance 
officer. — ^The base piece should be located horizontally and verti- 
cally by each battery, based on the nearest place mark located by 
the reconnaissance officer. 

To avoid errors, the battery officer who does this should verify 
his work by means of near-by details given on the battle map. 

1^. When the base piece "has beenlocated, refer the other pieces 
to it by determining tne length and direction of the lines joining 
them and the base piece. It is convenient to enter this data on a 
large scale sketch (such as 1/2000), properly oriented . Such a sketch 
is very necessary if the pieces are irr^ularly spaced. 

If necessary, measure the difference in level between the pieces. 

138. Second case— No data supplied by the reconnaissance 
officer. — In this case each battery must, by suitable topographical 
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operations, determine the orienting line and locate the pieces hori- 
zontally and vertically. 

137. To this end the battery officers proceed as described in para- 
graphs 118 to 133. But, since the instruments at their disposal are 
generally less accurate than those of reconnaissance officers, the 
methods used should be simple. If necessary, accuracy should be 
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Onenting Point 

Fig- 27. 

sacrificed to a certain extent in order surely to avoid any gross error. 

138. For simplification^ the orienting line for the battery may be 
taken through me base piece. 

One of the points marking the orienting line is the sight of the 
base piece, which has the advantage of hastening subsequent opera- 
tions (par. 150). 
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Thifl arrangement generally requires that the orienting line be 
determined by a topographical operation.' 

Moreover, certain precautions must be observed in establishing 
the base piece on the base Jine (par. 150). 

139. The location of the ^ base piece norizontally and vertically 
should be based on details given on the battle map or the friangula- 
tion system. It should be verified by several other topographical 
operations. 

140. When the battery determinations are not based on data sup- 
plied by the reconnaissance officer they should be checked against 
each otner, in order to obtain the closest possible agreement in the 
preparation of fire for the battalion as a whole. 

For example, if the orienting lines of the batteries are determined 
by means of a declinated instrument, the same instrument should 
be used for all batteries. 

If they are tied directly to an orienting point in the vicinity, the 
same point should be used by all of the batteries of the battalion 
(fig. 27}. 

The base pieces of the different batteries of the battalion should 
be tied to each other. 

» In general it is not possible to see from the iKwitions of the pieces, markers fulfilling 
the double condition of being sufficiently distant and being accurately known (par. 
129). Therefore an orientihg line passing through the base piece can seldom be de- 
termined simply from the known coordinates of the base piece and a distant marker. 

It is necessary, moreover, that the base piece be in position. It is not sufficient that 
its emplacement be selected and marked by a stake, since, as a rule, the piece can not 
be emplaced with sufficient accuracy to insure that the sight is accurately oyer the 
stake. 

66778*— 18 — —7 
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CHAPTER 3. 
ESTABUSHMENT ON THE BASE* LINE. 

GENERAL REMARKS— DEFINITIONS. 

141, The establishment on the base line consists of: 

(a) Determining the base angle, or angle between the orienting 
line and the base line. 

(h) Establishing the base piece on the base line. 

(c) Establishing parallel fire. 

The last two operations can be performed successively or simul- 
taneously. 

A battery with an extended field of fire sometimes uses several 
base points. The object of this is, in shifting fire, to avoid the errors 
incident to measuring large angles. Consequently, if a shift will 
carry the line of fire past a base point other than the one being used, 
the pieces should first be established on the new base line. 

1^2. The base angle (angle de surveillance) is the horizontal 
angle between the base line and the orienting line, measured from 
the base line in the same direction as the sight ^aduations. In the 
figure, the base ahgle is m mils for materiel with clockwise sights 
(75 and 155), and d decigrades for counterclockwise sights (siege 
goniometer). 

The firing angle (angle de direction^ is the horizontal angle 
between the plane of fire and the plane of sight. It is measured from 
the plane of fire in the same direction as the sight graduations.* 

It follows from these definitions that when the plane of sight is 
parallel to, or coincides with, the orienting line, and when the 
firing angle is equal to the base angle, the plane of fire is directed on 
the base point (fig. 29). 

1 The definitions of the base angle and the firing angle presuppose that the orientinz 
line, base line, plane of sight, and plane of fire, are considered only in one sense and 
that the siege goniometer is used ''au tonnerre" during the establishment on the 
base line. 

98 
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The d^eetlon (derive) is the setti|ig 012 ^]i^ de^iiblisea^e^OfklX^ 
sight. -• * • ^ ' ^ ' ' - -- - 

The deflection constant (derive normale) is the deflection for 
which the plane of fire and the plane of sight are parallel. 

The deflection constant is about for materiel equipped with the 
si^e goniometer, 100 for the 75 gun, and 1,000 for the Schneider 
mat^riels. 

To convert the firing angle into deflection: 

Add the firing angle to the deflection constant. 

If necessary, subtract a certain number of quadrants or a half- 
circle. 

First example, siege goniometer: 

Firing angle 1930 

Deflection constant 2 

Deflection , 1932 

Second example, 75 gun: 

Firing angle 5025 

Deflection constant 103 

Total 5128 

Subtract 3 quadrants 4800 

328 
The deflection is PL 2 Dr. 128. 
Third example, 155 Schneider Howitzer: 

Firing angle. .\.. ♦. 5025 

Deflection constant. 998 

Total 6023 

Subtract a half-circle 3200 

Deflection 2823 

DETERMINATION OF THE BASE ANGLE. 

143. Plot the base point and the base piece on the firing board, by- 
means of their coordinates. 
Draw the base line by joining these two points. 
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/v -RGtth^ oneuting line >nth Ithe protractor, if it has been deter- 
"miried by its Y-azimtitli, by means of the map squares if it has been 
determined topographically with the plane table. 

Measure the base angle from the base line in the same direction as 
the dight graduation. 

ESTABLISHING THE BASE PIECE ON THE BASE UNE. 

144. If the orienting line does not pass through the sight of the base 
piece, use a goniometer or plane table as a direetor (instrument di- 
recteur), established on the base line (par. 147). 

If the orienting line passes through the sight of the base piece, the 
orienting line is used directly in laying for direction. 

If the orienting line has not been previously established and deter- 
mined, the base piece is estabUshed on the base Line by means of a 
declinated instrument. 

145. First case. — ^The orienting Line does not pass through the 
sight of the base piece. 

Either the goniometer (aiming circle, theodolite, scissors telescope, 
observation telescope) or the plane table can be used. 

146. Using a goniometer. — Establish the instrument on the base 
Line, that is, point ite in a direction parallel to the base Line. 

Then lay the base piece parallel to the of the director by recipro- 
cal laying, taking into conaideration the dedection constant.* 

147. To establish the director on the base line.— Set the 
director over the orienting Line (within, at the most, a few centi- 
meters), at a point from which the sight of the base piece can be 
seen. 

If the graduations of the director and the sight are in the same 
direction, set the director at the base angle. 

If the graduations of the director are in the opposite direction to 
those of the sight, set the director at 6,400 (or 4,000) less the base angle. 

Using the general motion, point the director on the orienting line. 
The of the director is then on a line parallel to the base Line. 

1 The base piece must be established on the base line onlv after the piece is in i>osi- 
tion. The method of marking the position for the sight oy a stake, and measuring 
the deflection with a goniometer set over this point, before the arrival of the piece, 
must not be used. 
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148. The director being: establislied on the base line, to 
establisli tlie base piece on tlie same line. — Lay the piece approx- 
imately for direction. 

With the nppier motion, that is, without, touching the general 
motion, point the director at the sight column of the base piece. Let 
A be the reading of the directors so pointed. 




kZero 
Dire'^r- f 2'-'i'"i''g Line 



Fig. 31. 

If the sight and director are graduated in the same direction, the 
firing angle t6 be given the piece is: 

A+3,200 ndW if A is less than 3,200 mils. 
A -3,200 mils,^ if A is greater than 3,200 mils.^ 

1 Or A+2,000 decigrades. 
* Or A— 2,000 decigrades. 

« The firingangle is in all cases A+3,200 mils, but if this sum is greater than 6,400 
mils, it is necessary to subtract 6,400, which is equivalent to A— 3,200 mils. 
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If the sight and director are graduated in opposite directions, the 
firing angle is: 

3,200 mils— A^ if A is less than 3,200 mils. 

9,600 mils- A2, if A is greater than 3,200 mils. 

The director and sight are graduated in the same direction (clock- 
wise) (fig. 31). The angle A is greater than 3,200. The firing angle 
is A-3,200. 



Sight 




^-^ 



^^>^' 






FlO. 32. 



The sight is graduated clockwise and the director counterclock- 
wise (fig. 32). The angle A is less than 3,200. The firing angle is 
3,200-A. 

Having determined the firing angle, convert it into deflection 
(par. 142), 

With this deflection, use the director as an aiming point. 

Repeat this operation once or twice, on accoimt of possible move- 
ments of the sight during laying. 



1 Or 3,000-*A decigrades. 

2 Or 6,000— A decigrades. 
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Refer ^ (rep^rer) the piece. 

Record the deflection (base deflection.) 

Remark. — In the case of the aiming circle for the 75, the angle A,. 
when read on the special graduation, gives the deflection directly^ 
without conversion. 

149. Vsing^ the plane table.— The orienting and base lines 
should be drawn the full length of the plane table. 

Set up the plane table over the orienting line. 

Orient it by sighting on a distant point of the orienting line. This 
must be carefully done so that the orienting line on the plane table 
will be parallel to the same line on the groimd, and over it to within 
a few centimeters. 

With the slope rule alidade (alidade nivelatrice) or telescope ali- 
dade (r^le k ^clim^tre), point on the sight colimin of the base piece. 

Draw this line (V) the full length of the rule. 

With the protractor measure the angle between the base line and 
the line V, n-om the base line in the same direction as the sight grad- 
uations. 

This is the firing angle, which is then converted into deflection. 

With this deflection, lay the piece for direction, using as an aim- 
ing point a pencil held vertically at anv point of the line V. 

Repeat tnis operation imtil the sight no longer moves in laying 
the piece. 

Refer the piece. 

Record the base deflection. 

150. Second Case— The oiienthig Une passes throngh the 
Bight of the base piece. 

The plane of sight is taken coincident with the orienting line, and 
the firing angle becomes the same as the base angle (par. 142). The 
firing angle can then be determined as described in paragraph 143. 

Convert the firing angle into deflection. 

1 "Refer'' means to take an auxiliary or individual aiming point, called the 
referring point, by directing the sight on this point without disturbing the laying. 

When the piece is referred to a distant point, the following method may be sub- 
stituted: Establish the base piece approximately on the base line. Refer it first to 
the distant point and then to the director set up and established as described in para- 
graph 152. From this second reference, the deflection change necessary to estaolish 
The piece on the base line can be deduced, and the piece laid for direction in ood oper^ 
ation, using the distant referrring point. 
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Lay for direction with this deflection, using the orienting line as 
an aiming point. 

Refer the piece. 

Record the base deflection. 

When the marker of the orienting line, which is used as an aiming 
point, is close, care must be used to insure that the base piece is 
not thrown off the orienting line while lajdng for direction. To this 
end, it is well to establish a supplementary marker on the orienting 
line near the piece. 

151. Third case.— Without preliminary determination of the 
orienting line. 

I n this case , the ma^e tie north is used as an orienting line . The 
director is any dechnated instrument, aiming circle, compass 
theodolite, plane table. 

The instrument used must be previously declinated and set up 
at least 50 meters from the piece. 

15:2. Using a declinated aiming circle.— The method is analo- 
gous to that described in paragraphs 146, 147, and 148. The aiming 
circle is established on the base line. The base angle is the angle 
between the base line and the magnetic north. Let L be tne 
decHnation constant (par. 117), and V the Y-azimuth of the base line, 
measured on the plane table or calculated. The base angle is then 
L-V.i 

Set the aiming circle at the value of the base angle. Then, with 
the general motion, brin^ the needle opposite its index. This 
operation establishes the aiming circle on tne base line (par. 146). ^ 

The aiming circle being established on the base line, the piece is 
so estabhshea, as described in paragraph 148. 

Remark. — ^This result should be verified by a similar operation 
at a point about 100 meteri from the first, to eliminate local attraction. 
The two deflections thus obtained should not differ by more than 
2 mils. 

1 Or 6,400+L- V, if L is less than V. 

2 When the aiming circle is oriented (par. 117), the scale is so placed that if the 
telescope be pointed at the Lambert north, the reading will be (6,400). If the 
compass needle is brought opposite its index with the upper motion, the reading will 
be say L=6,180 (fig. 33). 

Let IS be parallel to the base line, the azimuth of which is say V=864. In order 
that, when tne instrument is pointed in the direction IS, the reading be (6,400) the 
scale must be turned clockwise 864 mils. When the needle is brougjit opposite its 
index with the upper motion, the reading will be 6,180—864—5,316, or in general L— V. 
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153. Using the plane table. — Orient the plane table by means 
of the declinator, and continue as described in pargraph 149. 



M.N. L. N. 




Mag. Lambert 
North /North 




Fio. 33. 
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ESTABLISHMENT OF PARALLEL HBB. 

154. Parallel fire may be established by: 

First. Establishing each piece on the base Hne by means of tlie 
director. 
Second. Use of a common aiming point. 
Third. Reciprocal laying on the base piece. 

155. Parallel fire, lislng the director.— It is best to use a director 
established on the base line hy means of the orienting line. The 
director should be used if possible from one point for all pieces, on 
account of both rapidity and accuracy. When conditions make this 
impossible (woods, casemates), and several positions of the director 
are necessary, use particular care in setting the instrument accurately 
over the orienting line. 

A declinated du'ector should only be used when the pieces can be 
established on the base line from a single point. Its use from more 
than one point should be resorted to only when all other methods are 
impracticable. 

It should be remembered that the establishment of a battery on 
the base line depends only on the orienting line and the base line 
(as marked by the base piece). The operation is independent of the 
position of the other pieces and the director. 

15S. Parallel fire by using a common aiming point.— The 
aiming point may be either: 

The marker on the orienting line used as an aiming point by the 
base piece in establishing itself on the base* line, when the orienting 
Line passes through the sight of the base piece. 

Any aiming point ttt which the base piece may be referred after 
establishment on the base line, or which may be used in this estab- 
lishment (footnote, page 92). 

All pieces use the common aiming point. 

The deflection of a given piece is that of the base piece corrected 
for the parallax of the aimfng point for the front base piece — given 
piece. 

If the pieces are on line and equally spaced^ the deflection differ- 
ence is constant. This deflection dinerence is the parallax of the 
aiming point for the front of the battery, divided by one less than 
the number of pieces, that is, the number of intervals between the 
pieces. 
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157. The sign of the deflection difference depends on the position 
of the aiming point (front or rear), and on the direction of graduation 
of the sights. 

To avoid mistakes in the sign of the deflection difference, remem- 
ber that a deflection difference gives an open sheaf with a rear 
aiming point, and a eonverp^ed sheaf with a front aiming point. 

The deflection difference &r parallel fire must then close tne sheaf 
if the aiming point is in rear, and open it if the aiming point is in 
front. 

Aiming Point 



Pmllax. 




BaselSeoe 



FiO.34. 

158. The methods of determining the parallax are: 

Calculation. 

Measurement on the map. 

Measurement on the ground. 

158. Calculation of the parallax.— Let d be the distance in 
meters from a given piece to the plane of sight of the base piece. 

Let D be the distance in kilometers from the battery to the aiming 
paint (fig. 34). 
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Then the parallax is: 
In mils: ^• 

In decigrades: , gyyr) ' or approximately rryj)' ^ is measured 

perpendicular to the plane of sight, either by pacing, or by measure- 
ment on the large scale map (par. 135), if one has been made. 




Piece 



Fig. 35. 

The range D is measured on the map, or, if there is no other means, 
estimated. 

'When d is paced and counted in strides of about 1.5 mils, and n is 
the number of strides or double paces, the following formulas give 
the parallax directly: 

Mils: 1.5 ^• 



Decigrades: ^• 
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REMARKS ON THE VARIATION OF THE PARALLAX. 



Ill 



Let E be the interval between a given piece and the base piece, 
and P the aiming point: 

(a) As the aiming point recedes along the line base piece — aiming 
pomt, the parallax decreases (fig. 35). 

(6) As the aiming point moves to the flank, but remains at the 



Piece 




Fig. 36. 

same distance from the base piece, the parallax decreases (fig. 36). 

(c) As the aiming point both moves to the flank and recedes from 
the base piece, the parallax decreases the more rapidly. 

(d) The parallax remains constant if the aiming point moves to 
the flank, but remains on the circumference through the aiming 
point and tangent to the battery front (fig. 37). 

(e) The parallax is when the aiming point is on the flank. 
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Fig. 38. 
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160. Measurement of the parallax on the map. — This method 
is especially appropriate when the pieces are irregularly spaced. 

Use a laige scale map or diagram of the battery and the parallax 
protractor (appendix 12. Use of the parallax protractor). 

161. Measurement of the parallax on the ground. — ^This is 
the best method when the aiming point is close. 

Set up a goniometer at the aiming point itself and measure the 
parallax directly. 

163. Parallel fire hy reciprocal laying on the base piece.— 
This method is described in tne drill regulations. 

It is the least satisfactory of all. 

163. Referring — ^Recording the base deflections. — ^The bat- 
tery being on the base line, each piece is referred, either to a mirror 
or a referring point (point de reperage), which is used during firing. 
In the latter case, take two referring points, one distant for use in 
the daytime and the other close for use at night. The distance of 
the night referring point should not be less than 150 meters.* 

1 In batteries not equipped with mirrors (recent materiel) very near referring 
points are sometimes necessary. 

Under these conditions, when the sight is displaced, errors in direction as great as 
6 mils or more may occur. This may be corrected in the following manner (fig. 38): 

I-et R be a referring point close to the sight P. The piece is laid in the direction 
PB. A graduated rule is placed at A perpendicular to PR, with its on PR, at a 
distance such that its graduations will oe in mils from R. If the sight is displaced 
to Pt and the piece relaid, it will be in the direction P; Bj. An error in laying thus 
results which is equal to a. The gunner reads this an?le directly on the rule from 
the position of the sight, and himself makes an appropriate deflection correction. 

66778"— 18 8 
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CHAPTER 4. 
PREPARATION OF FIRE WITHOUT A MAP. 

104. When the topographical preparation of fire is effected with- 
out maps, it is necessary to resort to improvised methbds based on 
the base points and objectives being directly visible. 

165. In open warfare, or in position warfare for the pieces assigned 
to close defense, the objectives may be visible from the battery 
positions or from points nearby. This is particularly true for light 
artillerj^. In such cases the objectives are usually mobile or fleet- 
ing. Fire must be opened as rapidly as possible. Direct laying is 
used for direction, or if this is not possible, reciprocal laying, using 
a director (aiming circle — observation telescope) established on the 
objective. The range is estimated or preferably measured by range 
finder. 

In this case the preparation of fire is practically immediate. 

166. But generally the base points and objectives are visible 
only from observation posts separated from the batteries. More- 
over, the fire should be carefully prepared, so as to enable fire to be 
opened under favorable conditions on any objective, fixed or mobile, 
which may appear in the sector. 

The principles used in the preparation of pie under these condi- 
tions are the same as for firing from the map. 

By preliminary topographical operations, the relative positions 
of the observation post, base point, and base piece are plotted on a 
firing board. The orienting fine is determined with respect to the 
plotted points. The base angle can then be measured with the 
protractor. 

The establishment of the battery on the base line is then accom- 
plished by the usual methods. 

167. An observation post is first chosen, from which the objectives 
and base point are visible. The orienting line is taken through 
this observation post and the immediate vicinity of the battery. 
From the observation post angles are measured with respect to the 
orienting line and distances are measured or estimated, which will 
fix the relative positions of the battery, base point, ana objectives. 

168. If the battery position is visible from the observation post, 
the orienting line is staked from the observation post to the oase 
piece or its vicinity. 

114 
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When the plane table is used (fig. 39), draw through the point O, 
representing the observation post, a line OS to the base point, a 
line OP to base piece, and the orienting line if it differs from OP. 



k Base Point 



I5as« Piece 




Observation Post 



Fio.39. 



Locate the piece P by measuring its distance from the observation 
poet, verifying if necee^uy by measuring ita distance from the orient- 
ing line.* 

» Measure O P by ranc^e finder, for example, and the distance of P from the orienting 
line by pacing. The difference in level between the piece and the observation post 
should also be determined. 
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Join S and P, and measure the base angle SQO on the plane table, 
in the appropriate direction (par. 142). 

If a goniometer is used, measure at O the angles SOP, and if neces- 
sary SOR. Plot them and proceed as just described. * 

lfi9. If the battery position is not visible from the observation 
post, the orienting line can not be taken through the observation 
poet. It must in this case be established near the ba*iery independ- 
ently of the observation post. 

For the topographical operations, use a decHnated plane table or 
aiming circle. 

Declinated plane table. — Set up at the observation post and 
orient with the declinator. Take any point as O (fig. 40), and locate 
the base point S by its direction and distance. Locate the base 

eiece by a traverse from O. Join P and S. Set up on the orienting 
ne and- draw its direction on the plane table. With the protractor 
measure the base angle SQR. 

Deelinated aiming circle. — ^Use the same method. The orient- 
ing line and the line OS are determined by their measured Y-azi- 
muths. 

After the necessary graphical construction, measure the base angle 
with the protractor. 

170. If fire is not opened immediately after the establishment on 
the base line, continue the preparation of fire by locating probable 
objectives, and prominent points on the terrain which will facilitate 
the location of objectives appearing later. 

This is accomplished by the measurement of angles, sites, and 
distances from the observation post with the usual instruments, and 
plotting them on a place sketch (croquis planim^trique) (par. 182). 

The place sketch (generally 1/20000) shows the positions of the 
battery, the observation post, the base points, and the objectives. 

171. When the batteries of the battalion are together, the opera- 
tions pertaining to the preparation of fire are performed with respect 
to the battalion commander's observation post and the topograph- 
ical r^istration of the terrain is organized by the battalion com- 
mander. 

In this case, it is sometimes necessary, on account of lack of time 
or for other reasons, to abbreviate the preparation of fire. This 
entails a testing fire (tir de verification) (par. 203), which should be 
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by a single battery. The corrections found necessary in the base 
elements are applied to all batteries of the battalion. 



© Base Ppiirt 



Base Piece 




Obsen- 



atioa Post 



Of 
I 



Orienting Line 



Fig. 40. 



->n 



172. When time is available, neighboring battalions should tie 
together the topographical operations effected by each in the prepa- 
ration of fire, particularly those pertaining to the location of ob«er-. 
vation posts and objectives. 
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CHAPTER 5. 

INITIAL FIRING DATA. 
GENEBAL BEMARKS. 

173, The initial preparation of Are on a given objective con- 
sists of: 

(a) Measurement of the topographical' characteristics of the 
objective: 

Angular distance from the base point. 
Front and depth. ^ 
Range and site. 

(b) Study of firing conditions: 
Kind of fire (percussion or time). 
Projectile and fuse. 

Charge. 

Angle of impact suitable for the objective. 

Method of fire for effect. 

Method of observation. 

Method of adjiistment. 

(c) Determination of initial firing data; 

Defiection. — The change in deflection and deflection difference 
to be given to the battery on the base line in order to shift and dis- 
tribute the fire on the objective. 

Range. — The elevation or range setting. 

Height of burst. — ^The fuse setting or the corrector. 

174, The determination of the initial firing data involves: 
First. The map data in regard to the objective. 
Second. The ballistic data of the firing tables. 

Third. The conditions of the moment, such as meteorological 
data and the characteristics of the powder lots and projectiles used. 

1 Examine also the terrain near the objective. 
118 
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175. Since it involves the conditions of the moment, the determi- 
nation of the initial data can only be completed jnst before opening 
fire. 

Bnt everything possible shonld be done beforehand. Determina- 
tion of map data for all probable objectives, study of firing condi- 
tions, and determination of such of the initial data aa does not 
involve the conditions of the moment. 

176. The resumption of a previously a4iusted fire is based 
on the data of the first adjustment, strlppisd (d^pouill^) of the con- 
ditions of the moment, as far as known, that is, corrected to the nor- 
mal conditions of the firing tables. 

MAP DATA PERTAINING TO THE OBJECTIVE. 

177. These may be measured: 

From the firing board and battle map. 

From the battle map alone. 

Directly on the groimd, when the preparation of fire is without 
a battle map. 

178k Use of the firing board and battle map.— Measure on 
the battle map the coordinates of the adjusting point A of the 
objective, on which the base piece is to be adjustea. 

Determine the altitude of tnis point. 

Measure the slope of the ground about the objective. This slope 
is taken in the direction of fire and is: 

Positive (plus) if the ground slopes upward away from the bat- 
tery (forward slope or counter slope ).* 

Negative (minus) if the groimd slopes downward away from the 
battery (reverse slope). 

Measure: 

The front of the objective perpendicular to the direction of fire. 

The depth of the objective parallel to the direction of fire.^ 

179. Plot A on the firing board and measure its map range from 
the base piece. 

Measure the angle at the base piece between the base point and A. 

» A counter slope is one sloping upward away from the battery, but distinct from 
imd hidden bv the ridee of the forward and reverse slopes. 

* For precision fire, also note if necessary the echelonment of the objective in depth 
and the difference in level of parts of the objective with respect to the point A. 
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180. Calculate the site of A for the base piece by means of the 
range and the difference in altitude between the objective and the 
base piece, H^ — H.* 

181. Use of the battle map alone.— The map data may be 
measured directly from a 1/20000 battle map (generally mounted 
on a board), or from a 1/50000 map when the base piece has been 
accurately plotted on it. In such a case, all of the measurements 
are made, as just explained. 

It is also possible to use a map showing only the objective zone 
(zone dee oojectifs). This map, called the objective map (plan 
d'objectif), is generally to a large scale (1/5000 of 1/10000). This 
is a convenient method of preparing fire for a large number of 
objectives on the same sheet of tne map. 

The objective map must have angular graduations centered on 
the base piece and showing the base line. There should also be 
range circles, centered on the base piece, for each kilometer.^ 

On this map, angular distances can be read directly and ranges 
scaled from the kilometer circles. 

The other measurements and determinations are made as pre- 
viously. 

182. Determination of map data on the ground without a 
battle map.— Use the place sketch (par. 170), made from the 
observation j>ost. 

Measure the angular distance and range from this sketch. 

To calculate the site, convert the site measured at the observa- 
tion post into the difference in level between the observation post 
and tne objective. From this, find the difference in level between 
the battery and objective, and compute the site. 

1 In high angle fire, the site is not calculated. Instead, the map range is algebraic- 
ally increased by one-half the difference in altitude — g — (P*""- ^)- 

« The base line and range circles are first drawn on a 1/20000 battle map. which 
includes the battery and the base point. The necessary portions of these lines are 
then transferred to the objective map i>y means of the map squares. For long-range 
firing requiring great accuracy, use calculation. 

To make the angular graduations, use the parallax protractor on white paper (see 
Appendix 12). Pum» the map on tne protractor, with the base line coincident with 
the protractor axis. Slide the map along this axis until it is in the proper position 
as regards range, which can be ascertained by the scale. Fix the map in position 
and draw in the graduations on the map from those on the protractor. 



d by Google 



AETILLEEY FIEINa. 121 

The slope of the ground near the objective and the depth of the 
objective are estimated. 

183. If the place sketch is not avaUable.— The angular dis- 
tance of the base point from the objective, measured at the obser- 
vation post O (fig. 41), is converted to that at the base piece P by a 
station correction (correction de station). 

For the line OP, let Pg be the parallax of the base point and P^ 
that of the objective. 

The station correction is P,— P^ 

In the figure, if O is the angular distance measured at the 
observation post, the angular distance P at the base piece is: 

P=0+P«-P,. 

The si^ of the station correction depends on the relative position 
of the points involved . It is positive if P is inside of a circle through 
O, B, and S, and negative if it is outside of this circle. 

The most rapid method of determining the sign is to move from 
the observation post toward the battery, without losing sight of S 
and Bj and note whether the angular distance from S to B increases 
or diminishes. If the former, the station correction is positive; if 
the latter, it is negative. 

The range maj* be obtained from the objective to the observation 
post (BO), by range finder or estimation, corrected by the projection 
of the line battery — observation post (PO) on the line BO. 

The site is calculated as in paragraph 182. 

These rough methods are admissible only when the battery and 
observation post dre little separated. When this is not the case, 
the place sketch must be used. 

STUDY OF FIBING CONDITIONS. 

184. The character of the objective governs: 
The kind of fire (time or percussion). 

The projectile and fuse. 

The conditions to be fulfilled by the angle of impact (angle 
between the traiectory and the surface of the ground at the point of 
fall) will depena on the decision made as to these two elements and 
what effect on the objective is desired, -.■..-.. 
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Let Ci and Cj be the permissible limits of the angle of impact. 
The angle of fall (par. 4) must be between: 
ai=Ci+S— n and 
a2==C2+S-n. 
The site, S, and the slope of the ground (fig. 42) near the objective, 
-n, should be taken with their. sign (pars. 4 ana 178). Seek in the 
firing tables, for the range D, the charges which give angles of fall 
between the limits thus obtained, Oi and Og. 



Objective 



Gfase Piece 




> Base Point 



Observation Post 



Fig. 41. 

If none are found, or if those found leave too small a margin for 
adjustment, then the fire is impossible under the conditions imposed 
as to angle of impact. The fire is entirely impossible if these 
conditions are based on the form of the terrain. 

If several suitable charges are found, as a rule the smallest should 
be used, in order to avoid unnecessary wear on the materiel. The 
heavier charge should be used only in the exceptional case where it 
gives materially greater accuracy of fire and where this accuracy is 
essential. 

To compare the dispersions of different charges, find the probable 
error on the slope considered (par. 21). 
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Having decided upon the charge to be used, make sure that there 
are no intervening features which prevent the objectives from b^ng 
reached (par. ,61). 




Horizonlal 



V>lanc of Site 

Reverse Slope ( — ) 




Horizonlal 



Plane ^r^/iv .^<Tf"\xyy 
of Site- ^"<t^#Ot°* 

Forward S!oj)c (^) 

Fig. 42. 

185« Determine the method of fire for effect, according to the time 
and means available^ and the nature, front, and depth of th« 
objective. Then decide on the methoas of adjustment and obser- 
vation. 
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DETERMINATION OF THE INITIAL FIRING DATA. 

186, This includes: 

Miscellanfous entries on the data sheets (feuilles de calculs). 

Preliminary calculations which can be made as soon as the map 
data in regard to the objective has been obtained and firing condi- 
tions deciaed uj)on. 

Final calculations, which can only be made at the time of firing, 
when the meteorblogical data are Imown. 

187, (1) Miseellaneous entries and preliminary ealeula- 
tions. — First enter the following on the data sheets: 

(a) Coordinates and altitude of the battery. 

(b) Coordinates and altitude of the objective (adjusting point of 
the base piece), difference in level between the objective and the 
battery, map range, site, and deflection change. 

(c) Data in regard to ammunition : Kind of projectile, weight of 
projectile (filled and fused), kind of fuse and powder, designation of 
powder lot. 

188, (d) The adjustment coefiicient Kq (or the velocity correction), 
obtained from previous fire with the powder lot to be used.* 

Modified range, map range A multiplied by the adjustment 
coefiicient Ko, or map range modified for the velocity correction, 

V Vq. 

(e) Charge to be used. Maximum ordinate for the corrected 
range. 

(/) Base deflection for each piece. Deflection corrections from 
previous adjustments. ^ Correction for drift.^ 

189, (g) Distribution corrections. 

If the pieces are regularly spaced and the. distribution to be 
obtained is regular, calculate the change in deflection difference, e; 

1 The coefficient K© for previous firing with a given powder lot is the ratio of the 
stripped range to the map range (Appendix 14). 

Tne velocity correction, V— Vo, is that which, for the powder lot in question, 
corresponds to the difference between the stripped range and the map range (Appen- 
dix 14). 

If previous firing with the same powder lot is not available, take £« as 1, or else 
as the mean of the values obtained for all lots of the charge used. 

2 If there has been no previous firing, take these corrections os 0. 

s For high angle fire, this correction can not be entered until after the corrected 
initial range has been determined (par. 192). 
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€ is equal to one-fourth of the parallax of the battery for the front of 
the objective, less one-third of the parallax of the objective for the 
front of the battery. 

The distribution corrections for the various pieces are -f €, +2c, 
-|-3e, depending on the direction of the sight graduations and the 
position of the pieces with respect to the base piece. 

If the pieces are irregularly spaeed, or if the various pieces are 
to be directed at particular points of the objective, calculate the 
distribution correction individually for each piece. 

The distribution correction for a given piece is the parallax of the 
battery for the interval between the objective of this piece and that 
of the base piece less the parallax of the objective for the interval 
between the given piece and the base piece. 

Qi) For each piece, find the algebraic sum, A (uncorrected de- 
flection), of the base deflection, deflection change, and distribution 
correction. 

190. (2) Final calculations at the time of firing.— (a) Collect 
the meteorological data: 

Velocity and direction of the wind for the appropriate maximum 
ordinate. Temperature and barometer for the battery position 
(weight of a liter of air in milligrams). 

(6) Take the powder temperature. 

191. (c) Initial deflection,— Calculate the correction for the 
lateral wind. 

Take the algebraic sum of the wind and drift corrections. 

Obtain the initial deflection by adding this sum to the uncorrected 
deflection. 

The initial deflection for each piece is obtained in this manner.* 

19;^. Initial elevation or range.— For the modified range (par. 
188), calculate from the firing table the corrections for: 

First. Variation of the weight of a liter of air. 

Second. Longitudinal wind component. 

Third. Variation of the weight oi projectile. 

Foiu*th. Variation of muzzle velocity due to the powder temper- 
ature. 

1 The chiefs of section take into consideration the individual sight corrections 
(Appendix 13). 
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Take the algebraic sum of these corrections, which is the total 
correction M''. 
The modified range corrected by M'' gives the corrected range A^. 
For high-angle fire, also add the site correction 

2^(par. 36) 

to obtain the corrected initial range. 

193. First ease— LAying by quadrant— Initial quadrant ele- 
vation. — For direct and curved fire, take from the firing tables, for 
the charge and projectile used, the elevation for the range A,,. 

Increase the elevation algebraically by the total site correction,^ 
thus obtaining the initial quadrant elevation for the base piece. 

For high angle fire, take the tabular elevation for the corrected 
initial range and neglect the site. 

194. Second ease— LAying by a range scale.— Generally, the 
site and range settings are taken as follows: 

Site. — That of the objective, modified by the complementary site 
correction. 

Range. — ^The setting corresponding to the corrected range Aq of 
the base piece. , 

195. Tnird case. — If the correct site is not set on the site scale, 
find the difference d, 

<J=corrected site— site used. 
In the firing tables, find the variation in range which, for the range 
Ac, corresponds to d. Give it the same sign as d. Add this varia- 
tion algebraically to the range A^, and take out the corresponding 
range setting. 

196. Remark. — Sometimes it is necessary to determine range 
elements for pieces other than the base piece, in order to take into 
consideration: 

First. Differences in map ranges caused by the obliquity of the 
battery or the objective to the planes of fire. 

Second. Differences in altitude amon^ the pieces of the battery or 
within the objective. Let dh be the difference in level of a piece 

1 The site modified by the complementary site correction. 



dbyGoOgk 



ABTILLEBY FIEINa. 127 

with respect to the base piece, dhf the difference in level between the 
objective of this piece and that of the base piece, and o the angle of 
fall. The range correction is then: 

d¥-dh 



tan (0 



These individual corrections are converted into angles and given 
to the chiefs of section. The latter add the individual corrections 
(Appendix 13). 

197. Initial fuze setting— (a) Fuse puneli or fuze setter 
graduated in time. — For the charge and projectile used, take 
from the firing tables the fuze setting for the initial elevation, modified 
by the site with changed sign.* 

Modify this setting for the altitude or barometer, by means of the 
data in the firing tables. 

If the time fire is preceded by percussion fire for adjustment use 
the adjusted elevation for the fuse setting, instead of the initial ele- 
vation. 

(6) Fuze setter graduated in range.— Use the same range 
setting for the fuze setter as for the piece. 

If appropriate, modify the normal corrector (correcteur normal): 

(aS As indicated by the firing tables. 

(6) To offset the error in the site used, correct site — site used 
(atebraically).^ 

(c) For the altitude or barometer.^ 

198. The methods explained in the preceding chapters are for the 
deliberate preparation of fire. 

Generally, it is better to devote a little more time to the prepara- 
tion of fire and have the first salvos close to the objective, thus saving 
ammunition, and facilitating and hastening the adjustment. 

1 The site only, and not the total site correction (par. 50). if the site is great. 

« See par. 195. Conioleinentary site correctijn not included. 

» When this correction is lars:9, the firing tables prescribe that a part should be 
made by changing the site. This change should not enter into the calculation of 
the site error. 
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128 ABTILLE&Y FIBINa. 

However, in certain cases and often for considerations of morale, 
the preparation of fire must be reduced to the minimum. The error 
resulting from the rapid determination of the elements of fire will 
then be corrected by the firing itself. 

The time necssary for the preparation of fire and its accuracy de- 
pends largely on the skill ana experience of the battery commander.^ 

1 It is indispensable that all artillery officers, particularly those of light artillery, b» 
frequently practiced in the rapid preparation of fire. 
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CHAFrER 1. 
GENERAL REMARKS AND DEFINITIONS. 

199. Greneral remarks. — ^The essential aim of artillery in war is 
to destroy the enemy. 

Destruction being impossible, the artillery will attempt to neu- 
tralize the enemy by causing a cessation or at least an abatement 
of his activity. 

In addition, the artillery affords moral support to friendly 
troops by dlFertlng the attention and blows of the enemy. 

Its accuracy and rapidity of fire enable a maximum of effect to 
be obtained with the minimum expenditure of time and ammu- 
nition. 

!800. Effects of neutralization, moral support, and diversion 
result from the known efficacy of artillery. They are none the 
less tangible in spite of the fact that they can be produced by a fire 
whose real efficacy is little or nothing. These effects should be 
borne in mind when it is a question of hastening or delaying the 
opening of fire, increasing or dimi n ishing its intensity, or suspend- 
ingor resuming the fire. 

The result sought will be the more surely obtained when it is 
supported by a real effect, as great as possible. 

301. Destruction of the enemy can be expected only as a result 
of precision fire. 

Zone fire, however, delivered by surprise and in sufficient density 
upon an exposed animate objective (infantry, artillery, cavalry), 
may cause very serious losses, or even temporary annihilation. 

202. In general, all fire consists of fire for adjustment (tir de 
r^glage) and fire for effect (tir d'efficacit^^. 

Fire for adjustment is to determine the data to be used in fire for 
effect. 

203. Fire for adjustment consists as a rule of trial fire and im- 
proFement fire (tir d'essai, tir d' amelioration). This applies to 

130 
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precision or complete adjustment (r6glage de precision). Trial fire 
places the zone of dispersion of a single elevation so as to include 
the objective. Improvement fire places the center of this zone at 
or near the objective. 

In certain cases, fire for adjustment is carried only to the point 
of obtaining a bracket, which is called a bracket a^lustment 
(r^glage d'encadremient).^ 

204. Fire for effect is classified as preelslon or zone. 

In precision fire for effect, the object is to keep the center for each 

giece in the immediate vicinity of its particular objective. Lay- 
ig for ran^e Is always by quadrant. 

In zone fire for effect, the object is to distribute the shots in a 
more or less regular manner over a zone which includes the objec- 
tive. Fire at a single range is a special case of zone fire. 

3ft5. A salyo is a series of one snot per piece fired at regular 
intervals from one flank to the other of a unit of artillery. 

A yolley is a series of one or more rounds per piece fired as rap- 
idly as the materiel permits. Each piece is served independently 
of tke others. 

Volleys or salvos at successive ranges may be used in zone fire. 

1 Testing ftre (par. 171) is two or three rounds per piece fired under certain con- 
ditions to verify the deflection and distribution. 
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CHAPTER 2. 
FIRE FOR ADJUSTMENT. 

206. This will be taken up under the follomng headings: 
Percussion precision adjustment. 

Percussion bracket adjustment. 
Time fire adjustment. 

PERCUSSION PBECISION ADJUSTMENT. 

207. Conduct of the adjustment.— Ea'^h piece is adjusted in 
deflection and range on the particular adjusting point assigned to it. 

If the observation is aerial and the front of the objective does not 
exceed 10 mils (normal case for counter-battery work), the adjusting 
point is taken for all pieces at the center of the objective. 

Each piece is separately adjusted. Fire may be by piece or 
battery salvo. 

The time interval for salvos is generally 5 seconds, but may be 
modified to suit the observer. 

208. Deflection a^ustment.— Bold deflection changes shovld 
be made at first to obtain rapidly a deflection bracket. The 
deflection changes are then measured. 

When the deflection deviation of a shot is not more than four 
probable errors, ^ the deflection is not changed until several successive 
and concordant shots show it to be advisable. In this case make a 
change equal to the mean of the iseveral deviations observed. 

209. If the first deflection is ceriously in error, make a change for 
the battery to bring the sheaf on the objective. Then proceed by 
individual corrections. 

210. If the observer does not see the shots, time fire may be used 
to place the sheaf in direction, the bursts being raised to a suitable 
height by the quadrant or fuze. 

1 Except for trench mortars and high-power guns. 3 mils or 2 decigrades may be 
taken as a sufficiently accurate value for lour doflection probable errors. 



132 



d by Google 



ABTILLE&Y FIBINa. 138 

211. Bangle a^lustment. — For terrestrial observation, the range 
adjustment is begun as soon as the deflection is suflBiciently adjrjsted 
to permit observation for range. From this time on, the two adjust- 
ments are conducted simultaneously. If the observer di^lacement 
is ^eat, it may be necessary to proceed in the inverse order, the range 
being first adjusted (par. 98 and seq.). 

313. If the visibility is poor^ it may be necessary to fire the first 
salvos rapidly or even to use volleys. With rapid fire materiel 
(75 or X05), the volleys may be of two or three rounds «ach. Later, 
salvos at the normal rate may be resumed. 

213. Terifyinig; an eleyatlon. — During trial fire, the sense of an 
elevation is verified by obtaining at least two successive observations 
at this elevation (par. 236). 

Two observations in the same sense establish the sense of the 
elevation used. 

If two observations are opposite in sense, the elevation is bracket- 
ing. This requires two more observations at the same elevation. 
If these observations are in the same sense, the elevation is taken 
in this sense. If they are again opposite in sense, the elevation is 
tentatively taken as correct. 

314. If a shot is observed at the objective (target shot), the 
elevation should be considered as bracketing and verified as just 
described. 

315. Trial fire. — ^The object is to braelcet the objective between 
two Ferifled elevations differing by one fork: (6 tabular probable 
errors or 4 field probable errors), one of the elevations being short 
and the other over; or to find a Ferifled braclceting range. 

The mean of the bracketing elevation^ or the bracketing elevation 
is called the triai eleyation (angle d'essai). The zone of dispersion 
of the trial elevation includes the objective with a high degree of 
certainty. . 

To obtain the bracket, begin with the elevation calculated in the 
preparation of fire, and proceed by bounds of one fork.^ 

Verify the limits of the bracket or the bracketing elevation. 

1 If the objective is very close to the friendly lines, begin with an elevation which 
is surely over, and proceed by changes of a fraction of a fork. 

For certain mortars, the first shot, called the drying shot (coup de flambage), 
should be disregarded except for deflection. 
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216. If the preparation of fire has been rapid, and if the first shots 
are clearly distant from the objective, the first elevation bounds 
filioidd be two or four forks, so as to bracket the objective rapidly. 

The bracket is then reduced to one fork and the limits verified 
as explained in paragraph 213. 

217. If as many as two shots at the same elevation are not 
observed, and this is apparently due to the terrain, bold elevation 
changes should be maae to secure observations rapidly. After a 
bracket is obtained it should be reduced to one fork, if not already 
of this size. 

218. When it is possible to measure the range deviation of shots 
(observation by aeroplanes or topographically) the first elevation 
is corrected to measure. Then proceed by bounds of one fork (par. 
228). 

219. Improvement fire.— The object is to find an elevation giv- 
ing substantially as many observations short as over. 

With the trial elevation, fire 12 shots per piece. If there is not 
for each piece an equality of shorts and overs, modify the elevation 
by as many twelfths of a fork as there are shots to be changed in 
sense to obtain this equality. 

The elevation thus obtained is called the adjusted elevation 
(angle de r^glage). 

220. If only a limited time is available for adjustment (as in 
observation by aeroplane), the number of observations in improve- 
ment fire may be less than 12, but not less than 6, per piece. ^ 

The changes in the trial elevation are then made by sixths, eighths, 
etc., of a fork. 

221. With trench artillery, on account of its slow rate of fire, 6 
shots per piece are habitually used in improvement fire. 

1 With aeroplane obserration, when the objectives of the a arious pieces are well 
separated, and when rapid-fire materiel is used, it is often best t o c>Ii . er the improve- 
ment fire by piece. This is specially applicable when the indi . i lual pieces require 
a very accurate adju<?tment in direction. 

Each piece fires two series of 4 shots each at the siinial of the obseryer. 
After each series the obser er reports the deviation of tne dcaeodoa center and Uie 
number of shorts, overs, and targets for range. 

If the battery commander makes considerable corrections, as a result of the first 
series he calls ?or the observation of a second series like the first. 

This modification is made necessary by the fact that a scries of more than 4 con- 
secutive shots can not be properly observed. 
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1RK8. If in an improvement fire of 12 shots per piece the first 6 are 
in the same sense, the elevation is changed by a half fork and 6 more 
shots fired. The series of 12 shots is taken ashaving been fired with 
the mean of the two elevations used, and the correction is referred 
to this mean elevation. 

If the last 6 shots are in the same sense as the first 6, the adjust- 
ment is begun anew. 

233. In curved fire the charge is chosen to give an angle of impact 
greater than a certain determined minimum. After the trial ele- 
vation has been determined it must be examined to insure that it 
has a suitable angle of impact. 

If the charge used is found to give too small an angle of impact, 
it is necessary to pass at once to the next lower charge and begin 
the adjustment anew. The initial elevation with the new charge 
should be that corresponding to the adjusted elevation with the old 
charge. The deflection must also be changed to take into account 
changes which result from the altered charge and elevation. 

!8?4. If the adjustment yields an observation short with an ele- 
vation of 36*^ for curved fire, or of 50*" for high-angle fire, pass to the 
next higher charge and begin the adjustment anew. 

tZ5. Change in the firing conditions.— If, during the fire, the 
powder lot is changed,^ begin the adjustment anew. 

286. If, during firing, the projectile is changed without changing 
the powder lot, the elevation and deflection should be corrected 
from the firing tables and Ferifled by firing. 

This verification consists of firing two rounds with the new data. 
If they are of the same sense, the trial fire should be begun anew, 
using changes of a half fork. After a verified bracket is obtained 
pass to improvement fire. 

A single piece may be used, for it ^ves a correction to be applied 
to the tabular elements which is applicable to all the pieces. 

227. If the kind of fuse is changed during firing, proceed as 
explained in the preceding paragraph. 

228. Adjustment by means of the measured deviations of 
the shots. — If the means of observation permit the deviation of 
the shots to be accurately measured by plotting them on a photo- 

1 If the new powder lot has not been used in recent previous adjustments. 
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eraph or squared map (obeervatictti by aeroplane or topography), the 
following method may be used: 

Correct each roimd by the observed deviation divided by the 
serial number of the round. 

The first two shots are numbered one . ^ Those not observed are not 
numbered. 

The fire is considered adjusted when three times in succession the 
range correction ^ is less than one-sixth of a fork and the deflection 
correction less than one probable error. 

This method of adjustment should be used only when the Tate of 
fire is sufficiently rapid to insure the series being fired under the 
same atmospheric conditions. 

Moreover, the rule "divide the deviation by the shot number" is 
only applicable up to a limited number, 6 for example. If after 
7 shots (the first included) the adjustment has not been secured, a 
new series of numbers should be begun, applying the rule as before. 

PERCUSSION BRACKET ADJUSTMENT. 

Zi9. This method is used when the time or means for a precision 
adjustment are not available, or when the objective is moving or 
transient. 

It is immediately followed by zone fire for effect (par. 257 et seq.). 
The depth of the beaten zone depends on the objective and on the 
time and means of observation available. 

The method is as follows: 

Z^X Deflection adjustment. — In general the fire is distributed ' 
over the front of the objective, assigning to each piece an appropri- 
ate portion. 

If the front of the individual piece is not larger than can be effect- 
ively covered, using a single aeflection, each piece is laid on the 
center of its portion. 

In the contrary case, each piece is laid on the right element of its 
portion. 

1 The adjustment, properly speaVing, begins only with the second shot. The first 
shot simply gives measurements by which those followin«r can be placed close to 
the objective, where the deviations can be accurately mea«?ured. 

s It is a question of the correction, and not of the deviation on which it is based. 
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The deflection changes necessary effectively to cover the indi- 
vidual portions are made during fire for effect. 

231. With terrestrial observation the adjustment should, from the 
first, be on the visible portions of the objective. 

But in all' cases care must be used to avoid crossing or confusing 
the sheaf, so that, in passii^g to fire for effect, only a simple change 
in deflection difference will be necessary. 

j833. With aerial observation, the right of the sheaf should be 
directed on the rigjit of the objective. The sheaf is then opened or 
closed to secure proper distribution. 

2^, Range adjustment.— The adjustment is made for the bat- 
tery as a whole, it being assumed that the pieces are calibrated. 
The chief of section changes the data received by the individual 
corrections for his piece (Appendix 13). 

The firing ia by salvos. 

231. Method of adjustment. — Begin with the initial range 
settiDg or elevation corresponding to the range determined,^ taken 
in even hundreds of meters or tens of minutes. 

Proceed by successive boimds in elevation until a bracket is 
obtained. 

The size of the bracket is generally two forks. ^ 
« When the objective has little depth and is clearly visible the 
bracket may be decreased to one fork. 

235. When the objectives in a locality are numerous and it is 
feared that the observations made during adjustment for zone fire 
may be erroneous due to confusion with fire for effect on nearby 
objectives, the bracket is narrowed to a half fork. 

236. A single observation is a sufficient basis for changing the 
elevation. But an elevation should be taken as the limit of a 
bracket only when based on two or more like observations in the 
same or different salvos. 

237. If a bracketing battery salvo is observed (two shorts and two 
overs), the adjustment should be considered as terminated. If one 
short and one over are observed in a salvo,- the range is bracketing, 
but should be verified by another salvo at the same elevation. If 

'Increase this ransre for safety if the objective is close to friendly troops. 
« When the objective is close to friendly troops the elevation change must be 
decreased to avoid endangering these troops. 
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two or more observations in the same sense are obtained with this 
salvo, the elevation is taken in this sense. If the salvo yields both 
shoits and overs, the elevation is accepted as that corresponding to 
the objective. 

338. A target shot should be treated in the same manner as two 
observations, one short and one over. 

TIME FIRE ADJUSTMENT. 

Time fire may be: 

(a) With shrapnel. 

(6) With H. E. shell. 

239. Time shrapnel adjustment.— Shrapnel time fire is always 
a zone fire and the adjustment is a bracket adjustment (par. 229 
et seq.). 

The fuse setting is said to be adjusted when a battery salvo gives 
two bursts above and two below the normal height of burst. 

340. The following are taken as the normal heights of burst. 
They are referred to the plane of site through the base of the 
objective.* 



Muzzle velocity. 


Normal 
height 
of burst. 


Over 500 meters 


Mils. 

2 

3 

4-8 

8-12 


500 to 400 meters 


400 to 300 meters 


300 to 200 meters 





241. Method of a^lustment.— If the observation is terrestrial 
and percussion bursts are visible, first adjust the range and direction 
by percussion fire, as described under bracket adjustment (par. 
229; see also par. 245). 

1 When the objective is defiladed, the height of burst adjustment must be made 
with respect to the covering crest, and the normal height modified to take into 
account the defilade of the objective. 
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24!8. Then take from the firing tables the initial fuse setting, in 
seconds and tenths^ corresponding to the short limit of the adjusted 
bracket. 

For fuse setters, graduated in range (or time), use the normal* 
corrector ^ and the range setting of the short "limit of the bracket (or 
the fuse setting for a height of burst, diminished by as many 
tenths of seconds as there are mils in the normal height of burst) .^ 

243. Using the initial fuze setting thus determinea, begin with 
battery salvos in time fire, with 1 or 2 seconds between shots. 

!S44. If the first salvo gives only air bursts, estimate the height of 
burst center, and correct the fuze setting for the deviation with 
respect to the normal height of burst. 

If the first salvo is all on graze, decrease the fuze setting 4 tenths 
or raise the corrector 4 points. Double this change if the next salvo 
is still on graze, in order to obtain air bursts as rapidly as possible. 

When a salvo yields two air bursts and two on graze, the most 
probable position«of the height of burst center is 0. It is 1 mil above 
the ground when 3 air and 1 graze bursts are obtained, and 1 mil 
below the ground when 3 graze and 1 air bursts are obtained. Cor- 
rections to obtain the normal height of burst can be made accordingly. 

During fire for effect, the adjusted fuze setting previously obtained 
should be modified only when this is shown to be necessary by a 
greater number of rounds than that on which the adjusted setting 
was based. 

)S45. With aerial observation, or when the battery and the ter- 
restrial observation post are at widely differing distances and alti- 
tudes with respect to the objective, or when percussian bursts are 
not easily observable, or when a rapid adjustment is necessary, use 
time fire from the beginning. 

Use an initial fuze setting determined to give a 1 mil height of 
burst.^ 

Fire battery salvos at 1 or 2 seconds interval. 

Raise or lower the bursts so as to obtain a height of 1 mil which can 
be judged by the proportion of air to graze bursts (par. 244). 

I When necessary, take into account differences for the chargie and projectile used 
between the eun ranges and the fuze setter ranges. 
The normal corrector is that which gives a normal height of burst. 
* Materiel not provided with fuze setters. 
With aerial observation, use a fuze setting which will surely give air bursts. 
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Adjust the deflection and the range so as to obtain the desired 
bracket. 

Then raise the bursts to the normal height. 

If, diuing the adjustment, a salvo in air gives bursts short and 
bursts over, the elevation may be taken as over but near the 
objective. The next change in elevation may be a half fork. 

246. The method of the preceding paragraph is applicable to time 
fire against a wood. 

Use burets at the top of the trees. In passing to fire for effect, 
modify the height of burst by a suitable amount. 

Ml. Time shell a4|ustmeiit.— Time shells are especially 
effective when the bursts are about 20 meters above the ground. 

They are effective against personnel in trenches, but in this case 
a precision adjustment is necessary. 

248. Method of a^ustment.— The adjustment of time shell 
differs materially from that of percussion shell and time shrapnel. 
It consists of placing the burst above the target, amd the raising it to 
the most effective height. 

249. The operations are as follows: 



(a) Deflection adjustment. 



Burst range adjustment, by means of the fuze setting and 
elevation. 

(c) Height of burst adjustment by raising the trajectory. 

250. The deflection and range of burst are adjusted when the burst 
center is directly over the adjusting point. 

This is accomplished by the observation of low air bursts, by the 
observation of the effect on the ground of high air bursts, by aerial 
observation, or by bilateral observation. 

251. The height of burst is adjusted with respect to the adjusting 
point, by changing the elevation without changing the fuze setting.^ 

With materiel where the site is set separately, the height of burst 

may be adjusted by site changes. The proper height in mils is 

20 
given by -p , where P is the range in kilometers. 

1 It is sometimes impossible to use low air bursts iB adjusting the height of burst, 
because of the difficulty of distinguishing ricochets from air bursts. In this case, the 
adjustment should begin with high air bursts, with subsequent modification of the 
height of burst by changing the elevation. 
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For other mat^riela, the ciuadrant elevation must be changed, the 
amount in minutes for a height of 20 meters being obtained from the 
firing tables. 

252. Praetleal methods.— From the firing tables for the charge 
and projectile used, take the fuse setting for the map range. Correct 
it for the atmospheric conditions and the altitude, by means of data, 
in the firing tables. 

Start with an elevation which is surely too great, in order to obtain 
air bursts. The height of burst can then be raised to a suitable 
height, depending on the method of adjustment used, by changing- 
the elevation. 

Bracket by changes in fuse setting corresponding in range to the 
values of the fork given in the firing tables. 
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CHAPTER 3. 
FIRE FOR EFFECT. 

253. General remarks.— Fire for effect may be claesed as— 
Percussion precision fire for effect. 

Percussion zone fire for effect. 

Time fire for effect. 

Percussion precision fire for effect is always preceded by a pre- 
cision adjustment. 

The adjusted elevation being only approximate, fire for effect 
must therefore be observed for a sufficient number of rounds surely 
to deternime the elevation for the objective (angle du but); which 
gives an equal number of observations short and over. 

Moreover, the elevation for the objective is constantly subject to 
change on account of the heating of the pieces, so that practically 
constant observation during fire for effect is necessary. 

Percussion zone and time fire for effect are based either on — 

A precision adjustment on a datum point and a shift of fire (pars. 
281 and seq.), when the objective is not clearly defined or is of great 
extent, or a bracket adjustment (pars. 229 and seq.), when the time 
is short, as in firing on a moving objective. 

PERCUSSION PRECISION FIRE FOR EFFECT. 

254. The ammunition is H. E. shell. 

Observation must as far as practicable be continuous throughout 
precision fire for effect. 

Battery salvos from the right or left,^ with 1 or 2 seconds interval, 
should be used. 

The firing is by series of 24 or 48 rounds. Dining the fire, the 
observer notes the sense of each round, and at the end of the series 
reports the result as a whole. 

1 V/ith terrestrial observation, if the wind comes from the left, fire should be from 
the right. 

142 
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Based on this report, corrections are made if necessary to obtain 
an equal number of shorts and overs. 

Individual corrections are made only when the number of shots 
observed is at least equal to the number observed during improve- 
ment fire. 

!855. With aerial observation when, as a result of the first sc^ries of 
24 shots, the battery commander is satisfied with the adjustment, he 
may pass to continuous fire, to save time. Aerial observation is 
continued. 

If the firing becomes faulty, adjustment by salvos is resumed at 
the request of the observer. 

In this kind of fire, it is very important that accuracy, and with 
it effect, be not sacrificed for speed. 

!356. When firing becomes faulty, the observer makes a point of 
ascertaining whether a particular piece is responsible, or whether 
it is due to the battery as a whole. 

In the former caae, he reports the piece which is out, and if possi- 
ble the sense and amount. The elevation of this piece is then 
corrected, and fire by series resumed. 

If the piece can not be corrected, it ceases firing, and fire for effect 
is continued with the rest of the battery. 

If the fault is due to the battery as a whole, the adjustment must 
be begun again. 

PERCUSSION ZONE FIRE FOR EFFECT— METHOD OF FIRE. 

Z51. The ammunition is H. E. shell. The object is to deliver bs 
rapidly as possible a fire whose mean density (number of shots per 
hectare ^ of objective) is not less than: 
80 for the 75 or 90. 
45 for the 105 or 120. 
30 for the 145 or 155. 
The fuzes, depending on the range, the ground, and the nature 
of the objective, should be instantaneous, nondelay, or short delay. 
258. The front to be covered is divided into as many portions as 
there are pieces available. 

* A hectare is 10,000 square meters, equal to a square 100 meters on a side. 

Digitized by VjOOQIC 



144 



ARTILLERY FIRING. 



The planes of fire are directed initially as explained in paragraph 
230. 

Each piece fires one ^ shot at each range for the first deflection. 
The deflection is then changed by the proper amount (par. 260), 
and the fire repeated. 

This sweeping is continued until the portion assigned to each piece 
has been co npletely covered. 

The fire is begun at the elevation c orresponding to the short limit 
of the bracket. The elevation ia changed progressively by amounts 
corresponding to 25 meters for the 75, or 50 meters for the 105 or 155. 

259. The fire is by the command: "Zone fire," followed by com- 
mands giving the limiting elevations, the elevation bound, and the 
deflection bound. 

360. The values of the deflection bound in mils are given in the 
following table: 



Range. 



2,000.. 
3,000.. 
4,000.. 
5,000.. 
6,000.. 
7,000.. 
8,000.. 
9,000.. 
10,000.. 



Mils.* 



75 105 155 



4 
3 
2 
2 
2 

m 

1 



Remarks. 



* These values may be 
converted into turns of the 
traversing handwheel. 



I This number should be increased if the objective is on a reverse slope (par. 21). 
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When the deflections are in decigrades, the following table is 
applicable: 



Range. 



2,000. 
3,000. 
4,000. 
5,000. 
6,000. 
7,000. 
8,000. 
9.000. 
10.000. 



Decigrades. 



120 155 



261. Systematic fire (tir syst^matique). — Systematic fire is zone 
fire without preliminary adjustment. 

The elevation for the objective is taken as the map ra^nge,. cot-" 
rected for the conditions of the moment as far as these are lujown. 

The deflection for the objective is similarly obtained. 

Systematie fire for effect. — ^The depth and width of the zone to 
be covered varies with the accuracy of determination of tiie firing 
data. 

The depth should be not less than two forks. 

TIME FIRE FOR EFFECT. 

2IR8. (1) ShrapneL— Time shrapnel fire, when over by as little 
as a half fork, has little or no effect. 

Against unsheltered personnel, such fire, when short by a half 
fork, is still effective. 

When the height of burst is above the normal, much of the effect 
is lost. 

Against sheltered personnel, time shrapnel fire has only a neu- 
tralizing effect. 

Time shrapnel fire is always a zone fire. 
66778"— 18 10 
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263. Method. — ^The distribution is made as explained in para- 
graph 230. 

Each piece fires two rounds at each range and each deflection. 
The deflection bound used in covering the front is given by the 
following table: 



Range. 


Mils. 


2,000 


5 
3 

2 

1 


4,000 


6,000,... 


8,000 


10,000 





The elevation bound is taken uniformly at that corresponding to 
100 meters. 1 

The fire is begun at the short limit of the bracket. 

With the fuze setter, the fire may be executed at the command 
"Zone fire,'* followed by commands for the corrector, the limiting 
elevations, the elevation and fuze-setting bounds, and the deflection 
bound. 

264. (2) H. E. shell.— The method explained for time shrapnel 
fire is applicable to time shell fire for effect, but, because of the 
greater dispersion, the elevation bound is that corresponding to 50 
meters for all calibers. Three rounds should be fired at each eleva- 
tion and deflection for the 75. 

265. Time Are behind crests. — ^To cover ground behind a crest, 
it is desirable to displace the bursts parallel to the slope. 

Determine the increments of elevation and decrements of cor- 
rector (or increments of fuze setting), so that the bursts will be 
displaced in a regular manner and parallel to the ground. Use for 
this purpose the slope charts for air bursts (abaque despentes des 
^clatements fusants), from which the following can be read directly: 
The elevation bound, the corrector or fuze-setting bound, and the 
actual bound on the ground (Appendix 15). 

1 The change should be increased when the objective is on forward slope. 
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!S66« With shrapnel, seek a 100-meter bracket on the crest, using 
percussion fire. 

Then adjust the height of burst at zero with respect to the crest, 
usin^ the long limit of the bracket.' 

With time shell, bracket the crest in time fire. Then raise the 
trajectory to obtain the proper height of burst, without changing 
the fuze setting. 

267. Search the reverse slope, beginning with the data thus 
obtained, modified successively according to the chart. 

Fire at each elevation and deflection, as described in paragraphs 
262 to 264, but with— 

For shrapnel, 2 or 3 rounds, depending on whether the range 
bound on the ground is less or greater than 100 meters. 

For shell 3, 4, or 6 rounds, depending on whether the range bound 
on the ground is 50, 75. or 100 meters. ^ 

J868. Remark. — If, for considerations of safet)^, it is not possible 
to adjust on the crest, select a suitable point in the zone to be 
searcned and adjust on it. Then, by using the chart, determine 
suitable data for the short limit of the zone. Verify this data by 
approaching the short limit with due caution by successive bounds. 
The fire for effect is then executed as previously described. 

269. With the 75, and when there is no battle map giving the 
value of the slope, .proceed as follows: 

For shrapnel, use elevation increments of 50 meters and corrector 
decrements of 2, if the slope is small (60 mils). If the slope is con- 
siderable (90 mils), use elevation increments of 25 meters and 
corrector decrements of 3. 

For shell, use elevation increments of 50 meters and corrector 
decrements of 1: 

270. General remark on fire for effect.— The methods of zone 
fire for effect set forth in the preceding paragraphs contemplate 
searching an area with maximum rapidity. But they must not be 

I For the 75, increase the elevation beyond the long limit by 75 or 50 meters, de- 
pending on whether the range is less or greater than 4,000 meters. For shrapnel, 
raise the corrector 2 mils. 

s Time fire on a forward slope is executed in a similar manner, using appropriate 
charts. * 
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considered as applicable in all cases. In some cases (for example, 
interdiction fire and harassing fire), equal or greater efficacy will be 
obtained by a slow fire (salvos, volleys, or single shots), distributed 
irrq^arly so as to baffle the enemy. 

Moreover, in general, surprise is an important element of effect 
on personnel. It is therefore advantageous to have a greater or 
less interval between fire for adjustment and fire for effect. Fire 
for effect may well be delivered in several installments, separated 
by irr^lar intervals. 

271. fire on a moving or transient obJeetI?e.— Use zone fire 
(par. 257^. 

The adjustment must be made with all possible rapidity. 

The adjustment may often be much abbreviated by a knowledge 
of the terrain and by previous firing. 

In position warfare, a battery can nearly always begin fire for 
effect at once on an objective reported in movement within its 
normal zone of action 

The adjustment is as for zone fire. But the bracket should be 
accepted only when the limit last determined is ahead of the 
objective. When the direction of movement of the objective is not 
known, the limit Jast determined should be the short one. 

If the objective is obliged to follow a certain route, it is well for all 
or part of the battery to lay down a barrage on points which must be 



Against tanks advancing to the attack, the barrage is a suitable 
method. The fire is as rapid as possible. As soon as shots are 
observed short but not far from the objective, fire is continued at this 
elevation. When two overs have been observed, an elevation 
change is made to obtain shorts again, after which the process is 
repeated. 

Moving objectives reported by aeroplanes are generally attacked 
with systematic fire. The aeroplape observes the fire, and at his 
signal, if necessary, the fire is begun anew after suitable correction 
of the initial data. 

In this way it is possible to avoid the delays inherent to adjustment 
by aerial observation. Due to these delays, the success of zone fire 
which is preceded by an adjustment' would be doubtful. 
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CHAPTER 4. 
SPECIAL SHELL FIRE. 

GAS SHELLS.! 

!873« Fire with gas shells may be — 

(a) On a smaJl objective. 

(6) On an area. 

Depending on its purpose, such fire may be — 
Destruction fire. 
Neutralizing fire. 

1873. Destruction fire.— This is with lethal gases in high con- 
centrations, and is intended to produce casualties. The effect will 
be dependent largely on surprise, and on poorly adjusted or defective 
masks. It is accormngly desirable to concentrate a large number of 
batteries on the same oojective. 

It is ordinarily not profitable for more than two minutes at one 
time. 

274. Neutralizing fire. — The fire is intended to lower the physical 
resistance and morafe of the enemy and interfere with his activities 
by causing him to wear his mask continuously for a considerable 
time. 

The result can be obtained most economically with persistent 
gases. 

275« Destruction and neutralizing gas shell fire may be combined 
in various ways. The use of shrapnel or H. E. shell dfuring gas shell 
fire adds to the enemy's confusion, and may induce him to remove 
his mask. But they should not ordinarily "be used during destruc- 
tion fire, because of the necessity of devoting all available guns to 
securing surprise effect and a high gas concentration. 

Varied and well conskiered adaptations of these methods will in- 
crease the effectiveness of gas shell fire. 

1 Taken from French, British, and American sources. 
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FIRE FOR ADJUSTMENT. 

^6. The methods of adjustment for H. E. shell are applicable in 
the case of gas shell. The trajectory of gas shell may be taken as 
the same as that of the corresponding H. E. shell. 

Fire for adjustment is generally with H. E. shell, the gas shell 
being used only in fire for effect. 

(a) On a small obJeetlFe^ a narrow bracket is sought and the 
trial elevation found Cpar. 215), but improvement fire is not executed. 

(6) On an area, the adjustment is for percussion zone fire for 
effect, as described in paragraph 253. 

FIRE FOR EFFECT. 

277. (a) On a small objective, such as a battery emplaced over 
a front of less than 100 meters, a group of trenches, or a road crossing. 

Method for destruction fire. — Use fire at a single range (par. 
201), the elevation being that corresponding to the mid-range of 
the bracket, if there is no wind; or the mid-range modified by one- 
sixth of a fork in the direction from which the wind comes, ii there 
is a wind. The deflection should be similarly modified to the 
windward. 

Fire as rapidly as possible the following number of rounds: 

The 75 200-400 

The 120 80-160 

The 155 50-100 

The 58 T. M 20-50 

According to the range and front of the objective. 

These figures are the maximum for extreme range and an objective 
of about 100 meters front, with a wind of 3 meters. The effect will 
extend about 100 meters to the leeward of the point of fall. 

C. G. or P. G. gas should be used, or a mixture of 4 C. G. to 1 
N. C. 

Method for neutralizing fire. — ^The method of fire is generally 
the same as for destruction. Use persistent gas preferably. B. A. 
is particularly adapted to this purpose, but N. C. may also be used. 

The effect will last several hours, but the best results are 
obtained by a slow fire for at least four hours, with occasional short 
bursts of rapid fire, particularly at the beginning and end. 
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The following is a proper ammunition expenditure, baaed on 
four hours firing on a front of 100 meters and a wind of 3 meters: 

Rounds- 

The 75 500 

The 120 250 

The 155 200 

1878. (6) On an area.— This is preferably neutralizing fire 
(par. 277) with persistent gases. 

The number of shells required depends on the gas used and the 
extent to be covered, as well as on the time the fire is maintained. 

Using B. A. ^, for areas up to 10 hectares, the following is a 
proper ammunition expenditure per hectare: 





Ammunition-ex- 
penditure. 


First 
half 
hour. 


Each 
half hour 
there- 
after. 


The 75 


Rounds. 
500 


Rounds. 
250 


The 120 


140 
80 


70 i 


The 155 


40 1 




1 



For areas between 10 and 50 hectares, this consumption should 
be halved. For areas greater than 50 hectares, one-fourth should 
be used. 

With N. C. gas, the consumption should be from one and 
one-half to two times that for B. A. gas. 

For destruction fire on an area with lethal gas shells, fire is 
delivered with range bounds of 50 meters for the 75 and 100 meters 
for the 155. The ammunition for each range is that stated for 
destruction fire on a small objective (par. 277-a)]. 

279. In combining destruction with neutralizing fire, lethal shells 
should not follow persistent gases until sufficient time has elapsed 
to permit the enemy to remove his masks. This is usually about 
three hours if B. A. or N. C. have been used. 
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SMOKE SHELLS. 

Z80. The method of fire for adjustment is the same as for gas 
shell (par. 276) on a small objective or an area, depending on the 
conditions. 

Fire for effect is generally at a single range (par. 204). 

Weather conditions, particularly the wind, materially affect the 
rate of fire which must be used to establish and maintain a smoke 
screen. 

On sunny days, when there are upward air currents, the ammuni- 
tion consumption is greater than on cloudy days, when such cur- 
rents do not prevail. 

For a wind perpendicular to the front to be screened, the fol- 
lowing may be taken as a general guide as to the ammunition 
required to screen 100 meters of front when there is no sun: 





Wind velocity. 


2 


6 


10 


Meters. 
200 
100 
80 


Meters. 
400 
200 
170 


Meters. 

400 
350 


The 75 

The 120...* 


The 155 





For a wind across the front to be screened, the fire is concentrated 
to the windward of the objective. The distances the cloud will 
drift and still remain effective vary greatly, but may be taken 
roughly as follows: 75--800 meters; 120—1,200 meters, 155—1,500 
meters. 

In general, the center should be adjusted to the windward of the 
objective at such a distance as to permit the smoke cloud to form 
with maximum effectiveness. The rate of fire must be such as to 
maintain an effective screen. 

Begin with a rapid fire for about five minutes to establish the 
cloud. The rate or fire can then be reduced and quickened, from 
time to time, to build up the cloud. 
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CHAPTER 5. 

STRIPPING AN ADJUSTMENT— SfflFTING FIRE. 

STRIPPING. 

ZSU To strip an adjustment, and fire again with the same 
ammunition. 

When the adjustment on an objective has been completed^ the 
adjusted data may be used in determining the initial data for sub- 
seqiient firing. 

The first firing gives the adjusted data for the conditions of the 
moment. 

The adjusted data are then stripped of the conditions of the 
moment, that is, corrected to normal conditions. 

To fire again on the same objective, the stripped data, instead of 
the map data, are used as a basis for computing the initial data. 

The adjustment is stripped immediately after the firing and the 
results entered in the data book. 

By a comparison of the stripped data with the map data, adjust- 
ment corrections can be ob tamed. These can' be utilized, to a 
certain extent, in the determination of the initial elements for firing 
on other objectives. 

ZS2. The utilization of a previous adjustment for the preparation 
of fire on other objectives presupposes — 

(a) That the meteorological conditions, at the completion of the 
first adjustment, are known. 

(6) That the subsequent firing is with the same powder lot as the 
first firing. 

283. Stripping for deflection,— Add algebraically to the 
adjusted deflection the lateral wind and drift corrections, elianged 
in sign. The result is the stripped deflection. 

The difference, stripped deflection minus uncorrected deflec- 
tion, A (par. 189-^) is 6, the deflection correction (par. 188-/). 

284. Stripping for range. 

153 
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(a) Quadrant laying.— To the adjusted elevation (par. 219) add 
the total site correction (par. 193), changed in sign (— S). 

In the firing tables, find the range corresponding to this elevation. 

To it add the algebraic sum, changed in sign, of the corrections 
for longitudinal wind, weight of a liter of air, weight of projectile, 
and muzzle velocity due to the powder. 

The result is the stripfied range, A^. 

The adjustment correction is A''— A, where A is the map range. 

Calculate the adjustment coefficient, K^, or the velocity correction, 
V-Vo(par. 188). 

(6) Laying by range scale. 

Using the correct site.— Convert the adjusted range setting into 
range, by means of the firing tables. Then find as in (o) the stripped 
range, the adjustment correction, and Kq (or V— Vo). 

(c) Using an Incorrect site. — Calculate the stripped range. A', 
asm (6). 

A is'then the range stripped of meteorological conditions but not 
of the site error. It can be used for subsequent firing on the same 
objective if the same site is used. 

But before K^ (or V— Vq) can be computed for use in connection 
with other objectives. A'' must be corrected for the difference, site 
used — correct site. Find the range variation corresponding to this 
difference, give it the same sign as the difference, and add it alge- 
braically to A^. This gives the completely stripped range, A.^^. 

Now calculate the adjustment coefficient, Ko, which is —r- (or 
Y-VJ. ^ 

In each case, enter Kq or V— Vq in the data book. 

S85. Calculation of the Initial elements for new firing on the 
same objective. 

Deflection. — ^To the stripped deflection add algebraically the 
correction for lateral wind and for drift. 

Range. — The same powder lot should be used. 

Calculate the initial elevation or range setting, as explained In 
paragraphs 188 and 192, et seq., with the following modifications: 

(a) Begin with the mean of the stripped ranges, instead of with the 
map range. 
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(6) When using a range scale and an incorrect site, use the same 
site as previously and ao not make a correction for the site error 
(par. 195). 

USING THE RESULTS OF PREVIOUS FIRING. 

286. Deflectioii. — (a) If the deflection corrections obtained from 
firing on several well-defined objectives differ but little, it points to 
an error in the initial establishment of the battery. 

The base deflections of the various pieces are, therefore, corrected 
by the mean of the errors thus indicated.^ 

Thereafter, the deflection corrections should be small. Thev are 
more for use with the objective for which they are determined and 
not with new objectives.^ 

(6) Range. — When several series of firing with the same powder 
lot give adjustment coeflScients Kq (or velocity corrections, V — Vq), 
differing but little, the mean of the several values is used in deter- 
mining the modified range (par. 188) for new objectives, provided 
the same powder lot is used. 

(c) Position of objectives on the map. — When, for a particular 
objective, the defiection correction is considerable or the adjustment 
coefficient (or V— Vq) differs materially from the mean value for the 
|)owder lot, the calculations should be verified. 

If the calculations are found to be correct, the position of the 
objective on the map is incorrect. 

This error is corrected and communicated to the other batteries if 
necessary. 

• SHIFTING FIRE. 

1887. Shifting fire. — ^When observation on an objective is poor or 
impossible, the methods of adjustment heretofore described are not 
applicable. 

1 The source of the error sheuld be sought by going over the preliminary topograph- 
ical operations. If the error is found in the determination of the orienting line, it 
should be corrected. The base deflections of all batteries using this orienting line 
should of course also be corrected. 

« In view of the accuracy of the topographical operations of the establishment on 
the base line, if carefully made, the base deflections should be changed after several 
series of firing have shown the necessity of it; or in case the first adjustment shows a 
gross error in deflection. 
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In this case, the method of shifting fire is used, in conjunction 
with a datum point (but auxiliaire), selected within the objective 
itself or near it. 

;S88. Definitions.— A datum point is a clearly visible point 
selected as an adjusting point- It must be shown on the battle map, 
or be capable of "being accurately plotted, and must satisfy the con- 
ditions of paragraph 292. 

Shifting fire (transport de tir). — This is the operation incident to 
firing on an objective, based on the data obtained from firing on a 
datum point. 

;J89. It is essential tliat the datum point, the objective, and the 
battery position be accurately plotted on the battle map (par. 95). 

The firing on the datum j>oint and on the objective is with the same 
kind and weight of projectile, same fuze, and same powder lot. 

1890. Tlie metiiod*-— (a) Prepare the fire on the datum point, and 
fill out the datasheet, using Kq (or V— Vo) for the powder lot and the 
deflection correction as found from previous firing. Prepare in the 
same manner a second data sheet for the objective except those parts 
involving K© or 6. 

(6) Fire for adjustment on the datum point to include improve- 
ment fire (par. 219). 

(c) Strip this firing on the datum point data sheet, and find — 

(1) Ko (or V-Vo). 

(2) The deflection correction for each piece. 

Enter these values on the objective data sheet and complete the 
calculations for the objective. 

This gives the most probable elevations and deflections for the 
iD visible objective. 

(dj Execute systematic fire, beginning with this data, and open- 
ing out 8 mils (5 decigrades) on each side and a half fork both short 
and over. 

291. fiemarlc — ^The center of 12 observed shots on graze may be 
taken as a datum point, when this center can be accurately located 
on the battle map (bilateral observation or by the flash-ranging 
groups). 

292. Conditions for sliifting fire.— The shift is the more accu- 
rate, as it is small in both deflection and range. 

The daflection shift should in general not exceed 300 mils (200 
decigrades) and the ratio of the ranges should be between 3-4 and 4-3. 
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A shift of fire should not be undertaken when the powder lot used 
is not uniform or when the map position of the datum point or 
objective is uncertain. 

USE OF THE WITNESS POINT. 

!893. When fire has been adjusted by aerial observation on an 
objective invisible from the ground, and when the map position is 
uncertain, the use of the witness point is resorted to. 

!894. Definitions.— A witness point is a point clearly visible 
on the ground, but not necessarily located accurately on the battle 
map (par. 95). It must satisfy the conditions of paragraph 299. 

295. Tlie metliod*— The method consists of two adjustments, 
one by aerial observation on the objective, and the other simul- 
taneously or immediately afterward on the witness point. 

The relation between the adjusted data for the witness point and 
the objective holds for subsequent firing on the objective. For such 
subsequent firing it is necessary only to readjust on the witness 
point and calculate the data for the objective. 

Each double series of firing, the one on the witness point and the 
other on the objective, must be with the same kind and weight of 
projectile and with the same charge and powder lot; but between 
different double series these elements may be varied. 

Another method is always to fire on the witness point with a pro- 
jectile of lesser efficacy (semisteel shell, for example), and on the 
objective with long shell. In this case also the powder lot must be 
the same for each double series, but may be varied between different 
double series. 

296. fiemark. — ^The center of a series of 12 observed rounds on 
graze may be taken as a witness point, when several observation 
posts are available, each capable of accurate measurements with 
respect to such a point. 

297. Firing: by means of a witness point.— (a) Fill out a data 
sheet for the firing on both the objective and witness points, as if 
their map positions were accurately known. 

Enter on the special data sheet for firing with a witness point the 

ratio R= — of the approximate map ranges of the objective and the 
witness point. 
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(b) With aerial observation adjust to include improvement fire 
on the objective. 

(c) With any piece used as a witness pieee (canon de r^f^rence), 
adjust simultaneously or immediately afterward on the witness point, 
to include improvement fire. 

(d) Strip the two adjustments, using two ordinary data sheets. 

298. (a) The stripped range of the objective. A^, and the stripped 
range of the witness point, a^, are thus determined. 

If it is desired to fire again on the same objective, readjust on the 
witness point with the witness piece, filling out another ordinary 
data sheet for the firing on the witness point. 

Enter on the special data sheet the new stripped range a^i of the 
witness point. 

Take the difference a^i— a''. 

(b) Determine the new stripped range of the objective by the fol- 
lowing expression: 

R being defined in paragraph 297. 

Proceed similarly for the deflection. 

Beginning with the stripped deflections A^ and ^ of the objec- 
tive and witness point, respectively, calculate the new stripped 
deflection of the objective, A^, corresponding to a new stripped 
deflection of the witness point, by the expression: 

A^=A^+(5^-50. 

299. Conditions fo7 the use of the witness point.—The 

angular distance between the witness point and the objective should 
not exceed 300 mils (200 decigrades). 
The ratio of ranges must be between 3-4 and 4-3. 

300. Ecmarlts.— If the ranges of the objective and the witness 
point are poorly known, the method may still be used. 

Instead of using map ranges for determining R, the stripped 
adjusted ranges must be used. R is then replaced by R^. R'' is 
the ratio of the stripped range of the objective to that oi the witness 

point, or— ^. 

The remaining operations are as already described. 
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CHAPTER 1. 
H. E. SHELLS. 

KINDS. 

301. The H. E. shells in service are: 

I. The steel shell (OA) (obus en acier), which is classified into: 

(a) Point-fused (amorce de t^te). — ^The long shells (obus 

allonges) of more than 3 calibers length, thin walls, and hence a 

lar^e charge of explosive (between 20 and 30 per cent of the total 

weight of the shell). 

(6^ Base-fused (amorgage de culot). — Among these are: 

(1) Semlarmor piercing (semi-A. P.) (obus de semirupture), 
which insures penetration in hard materiel without breaking. The 
percentage of explosive is generally about 10, but may be as low as 6. 

(2) Armor piercing (A. P.) (obus de rupture), with a heavy ogive 
and thick wall, which insures penetration in very hard materiel. 
The percentage of explosive is very small. Its use is exceptional in 
land warfare. 

302. II. The cast-iron shell (OF) (obus enionte), which is gen- 
erally of old model with thick walls, carrying only a small percent- 
age of explosive (less than 10). 

It is no longer manufactured. 

303. III. The semisteel sheU (OFA) (obus en fonte aci^r^e), 
made of a metal whose composition is between that of steel and cast 
iron. 

This shell has come into use since the war began. Its properties 
are between those of the cast-iron shell and the long steel shell. 
Since it is cneaper and easier io n^^ufacture than the long shell, it 
can replace the latter to a certain extent. It has a much thinner 
wall than the cast-iron shell, which permits a larger percentage of 
explosive (as high as 20). 

The semisteel shell is generally pciint-fused. There are some base- 
fused types, for the attack of deep dugouts. 
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304. IV. The bomb, for trench mortars. 

The explosive is contained in a body of relatively thin sheet steel. 
This permits a high percentage of explosive (30 to 50), in spite of the 
relatively heavy tail. 

The body is strong enough to penetrate earth, but it breaks on 
striking a hard substance. 

305. Shape of projectiles.— To improve the ballistic qualities 
of shells and increase the maximum ranee, many recent designs have 
a tapered base (culot tronconique^ and a, double rotating band (D 
diell, of steel ©r semisteel, and B snell, of steel). 

This design has limitations on account of the small explosive 
capacity as compared with the cylindrical type. For 165 shells, 
for example, the percentage of explosive is: Long, 24; steel B, 16.5; 
tjemiflteel D, 10.5. 

J^SES. 

306. The fuse in general (amor9a^e) includes all of the means for 
detonating the explosive in the proiectile. 

The fuse proper (fus^) causes the detonation of the charge of the 
shell by means of a primer (amorce) of fulminate of mercury sur- 
roundea by a booster charge of compressed explosive (explosif 
tass^). 

The primer and booster charge may be combined in a single part, 
which, together with the relay (reiai de feu) or relay and delay 
^retard), as the case may be, is called a aetonating booster 
(d^tonateur). The detonating booster is placed in the booster 
easing (^ine) of the shell and held by the fuse. 

The prmier may be a part of the lugCi which is then called a 
detonating fuse (fus^e d^tonateur). In this case, the booster 
charge is disposed around the walls and bottom of the booster casing, 
and forms a Dooster (gaine-relai^); or placed in a special booster 
cartridge (cartouche sp^iale) inserted in the booster casing. 

307. Depending on its method of operation, the fuse or detonating 
fuse for H. E. shells is: 

A. Percussion. 
;B; Time (fusante)^ or combination (double effet).2 

i-Puaas which are only time are for antiaircraft fire onjy. Thia^Qfins that the 
shell does not burst at all if the time element fails to function. 

2 The MT fuse, Model 1916, for trench mortars, is a combination detonating fuse. 
It is norm-illy a percussion fuse, but has a time safety device which causes it to act 
at the end of a certain fixed time if the percussion element fails. 



66778'*— 18 



Digitized by VjOOyiC . 



162 A&TILLEBY FI&INO. 

A. PERCUSSION FUSES. 

'308. Percussion fuses are classed, according to the time interval 
Ibetween strike and burst, as: 

1 . Instantaneous. 

2. Nondelay. 
.3. Delay. 

1. Instantaneous fuzes. 

303. This class includes various fuzes developed since the war, 
-which are extremely rapid in operation. The following are 
included: 

(a) For shells with a booster of any model, or a 40-boo6ter casing 
with a booster cartridge of 147 mm. 

The percussion detonating fuses: 

:24/31 lA. Model 1915/With uncolored head for right-hand rifling 

:24/31 lAL. Model 1916\ and red head for left-hand rifling. 

:24 IT, Model 1915 (for bombs). 

:24/31 RY, Model 1917. 

54/31 I, Model 1914 (red head). 

{6) For shells with a 30-booBter casing or a series of booster casings. 

The perctission detonating fuzes: 

22/31 I. Model 1915 (red head). 

310. For instantaneous functionii^ of these fuzes, the firing pin 
•frugueux) must be driven onto the primer by external means. 
Since they are point fuzes, the point of the shell must be the first 
^art to reach fiie ground. Generally speaking, this requires an 
Angle of impact greater than 10°. 

For lesser angles, the I fuzes, Models 1914 and 1915, which will 
function by inertia, are still effective, but with results similar to 
those with a nondelay fuze (par. 311). The lA, lAL, IT and RY 
fuzes, which require an external blow on the firing pin, may give 
no-bursts. 

If the angle of impact is sufficient: 

(a) The I fuzes, Model 1914 or 1915, cause detonation the instant 
the ogive strikes the ground, giving a shallow crater with abrupt 
sides.* 

1 About m. 30 to m. 50 for the 75 H. E. shelL 

Digitized by VjOOQIC 



ABTILLE&Y FI&IKO. 168 

(6) The long fuzes (lA, lAL, or IT) cause detonation when the 
ogive is still above the ground. They make only a slight depres- 
sion on the ground ^ which merges with the natural surface. 

(c) The effects of the RY fuze are interme^ate between those 
of the I and lA fuzes, but more like the latter. 

The instantaneous fuzes give surface effects which make them 
particularly advantageous against: 

Unsheltered personnel. 

Materiel in the open. 

Wire entanglements. 

Such effects are generally greater with the long than with the 
short fuze. 

The effects on the ground itself are insignificant,^ particularly 
with the long fuze. 

2. Nondelay fuzes. 

311. The so-called nondelay fuzes have in reality a delay of 
about .01 second. 
The following are included: 

(a) For shells with a booster of any model, or a 40-booster casing 
with a booster cartridge of 147 mm. 
The percussion detonating fuzes: 
24/31, Model 1899, white head. 
24/31, Model 1899-1915, SR, white head. 
24/31, PR, Model 1916. non-delay. 
(6) For shells with a 40-booster casing, Model 1895. 
The percussion fuzes: 

30 SM, Model 1878-1881. 

30 SM, Model 1878-1881-M-1915, truncated head or cyUn- 
drical head, used with detonating boosters. Model 1895- 
M-1914, with delay removed and therefore acting as non- 
delay, 
(c) For medium or large caUber shells, with point booster casing. 
Model 1915: 

1 About m. 10 to m. 15 for the 75 H. E. shell. 

« However, trench mortar bombs, with long fuzes, have a detonation sufficiently 
powerful to knock down the revetments of trenches. 
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The point detonating ftize, Model 1915, for medium or laige 
caliber shells, with nondelay booster (tail of the fuze nncolored). 

Since all of these fuzes function by inertia, they may be used in 
firing at all ranges.^ 

^Vt. With a nondelay fuze, the shell travels a certain distance 
after striking before it bursts. Depending on the depth of pene- 
tration and the course taken by the shell underground, the burst 
may be at the surface, near it, or entirely underground. The 
crater has a corresponding depth. There is a reduction, which 
may be very considerable, of the effect on personnel, unshelteKwl 
materiel, or wire entanglements. 

In firing against materiel obstacles, this fuze bursts shortly after 
traversing the first obstacle (as a wall or beam). Trench mortar 
bombs, however, having a low velocity, burst without much pene- 
tration when armed wi& nondelay fuzes. 

3. Delay fuzes, 

313. This class includes fuzes having a delay of more than 0.02 
second. The delays at present standard are:^ 

0.05 second short delay. 

0.15 second] fmedium caUber shells. 

0.25 second li^„„ ^«io,r t^J l^LTge caliber shells. 

0.35 secondr^S ^^^^^ HsTO and 400 shells. 

0.50 second] 1520 shells. 

0.20 second for the normal delay of trench mortar bombs. 

1 However, for ane^les of incidence around 1*, no-bursts must be expected, because 
the retardation of tlie projectile on striking is barely sufficient to operate the fuze. 
For this reason, shells fired against tanks are generally equipi)ed with plates (pla- 
quettes). 

3 The delays of individual fuzes may differ considerably from the standard value, 
which is the mean for a lot of fuzes. 

According to the acceptance specifications of detonating fuzes, for the .05 second 
delay, delavs between .03 second and .07 second are permitted; for the .15 second 
delay, the limits are .10 second and .24 second; for the .25 second delav, .17 second 
and .35 second; for the .35 second delay, .24 second and .45 second, and for the .20 
second .10 second, and .30 second. 

The specifications for the delay of boosters call for limits of .05 second to .16 second, 
and .25 second to .35 second for the .05 second and .25 second delays, respectively. 
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314. Among the delay fuzes are: 

(a) For shells with a booster of any model, or a 40-boo8ter casing 
with a booster cartridge of 147 nun. 

The percussion detonating fuzes: 

24/31, model 1899-1908, 0.05 second delay. 

24/31, model 1899-1915, CR, 0.05 second delay. 

24/31, model 1899-1915, LR, 0.15 second delay. 

24/31 PR, model 1916, 0.20 second delay. 

24/31 BT, model 1916, 0.20 second delay. 

Tne combination detonating fuse. 

24 mm. MT, model 1916, 0.20 second delay. 

(h) For shells with a 40-booster casing, model 1895. 

The percussion fuzes: 

SM, model 1873-1881. 

30 SM, model 1878-1881-M-1915, with truncated head or cylin- 
drical head, used with detonating boosters, model 1895-M-1904, 
with removable delay of 0.05 second (head of the delay in black), 
or of 0.25 second (head of the delay uncolored). 

(c) For medium or large caliber shells, with point booster casing, 
model 1915. 

The point detonating fuze, model 1915, for medium and large 
caliber shells, with booster of 0.25 second (tail of fuse varnished 
violet). 

(d) For laree caliber shells, with base booster casing, model 1915: 
The base detonating fuze, model 1915, for large caliber shells, 

with booster of 0.25 second delay (tail of fuze varnished violet), oi 
0.35 second delay (tail of fuze varnished green), or of 0.50 second 
delay (tail of fuze varnished black). 

(e) For base-fuzed shells, marine type, in which the flame is 
transmitted from the fuze to the explosive by a pellet of compressed 
powder with a delay of about 0.02 second. 

315. The 0.05 second delay has been specially adopted for ricochet 
fire with the 75 gun. If the angle oi impact is small (less than 
about 15°), the shell biurows more or less deeply in ricochetirg. 
A short delay insiu'es its bursting slightly above the ground, with 
good effect. 

316. If the angle of impact is sufficient for the shell to bite, the 
short delay fuze permits medium or large caliber shells to be used 
against dugouts, if they are not too deeply buried. 

Digitized by VjOOQIC 



166 ABTILLEBY FIBING. 

317. The other delays are used at high elevations according to 
the caliber of the shell, so as to permit the shell to penetrate to its 
full depth before detonating. 

B. TIME AND COMBINATION FUZES. 

318. The only fuzes now in service permitting time shell fire 
are the detonating fuzes. They must be used with a booster or a 
40-boo8ter casing with a 147 mm. booster cartridge. 

As far as the time system is concerned, they differ only in the 
maximum time of burning. 

The 24/31 time detonating fuze, model 1915, the 24/31 combina- 
tion detonating fuze, model 1915, and the ^4/31 combination 
detonating fuze, model 1916, have a nominal maximum time of burn- 
ing of 24 seconds. 

The 24/31 A time detonating fuze, model 1916, has a nominal time 
of burning of 31 seconds. 

The 24/31 LD combination detonating fuze, model 1917, has a 
nominal time of burning of 51 seconds. 

319. For the 75, the actual time of burning differs but little from 
the nominal time for a muzzle velocity of 550 meters. 

For other mat^riels, there may be an appreciable difference 
due to the muzzle velocity, the velocity of rotation, the maximum 
ordinate, and the exterior form of the projectile. For these reasons 
the firing tables give not only the time of flight but also the fuze 
setting for each range. 

3!30. The percussion element of combination detonating fuzes is 
always with short delay. ^ 

1 This delay was adopted for consideration of safety. It would be very bad prac- 
tice to use these fuzes for percussion fire, because they are more expensive and less 
rugged than percussion fuses. 
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CHAPTER 2. 
SHRAPNEL AND CASE SHOT. 

KINDS. 

321. The kinds of shrapnel and case shot in service are: 
332. (1} The shrapnel (obus k baUes), old model (120, 155, and 
145), with a thick- walled east-iron case, containing 18 gram ball 
(120) or 26 gram balls (other calibers), embedded in melted sulphur, 
with an ogival bursting charge of black powder. 

333« (2) The case shot (obus k mitraiUe) (120 and 155), containing 
20 gram balls (120) or 25 gram balls (155). The balls are lodged in 
recesses in cast-iron separators, which are held by a sheet-steel casing. 
The separators are broken up by the shock of discharge. A bursting 
charge of black powder is contained in the (mv6. For the 155, a 
part of this charge is contained in a central tube extending entirely 
through the separators. 

324. (3) The base charge shrapnel (65, 75, 155), having a base 
charge of black powder covered bjr a diaphragm, in front of which 
are 12 gram balls embedded in an inert substance. 

325. (4) The Robin shrapnel (75, Model 97A),i containing 12 
gram balls throughout its length. At the base, the successive layers 
of balls are embedded in black powder; in front of this, in a mixture 
of powder and saltpeter. Toward the forward end, the mixture 
becomes richer in saltpeter, until at the point, it is entirely the latter. 

326. The base charge and Robin shrapnel have a steel case, which 
is not ruptured by the action of the bursting charge. They thus act 
as small guns. The base charge propels the balk forward with an 
increase of velocity of about 100 meters over the remaining velocity 
of the projectile at the instant of burst. The balls rapidly lose their 
velocity, because of their form and small weight. 

The cast-iron shrapnel and case shot have the bursting charge in 
the ogive. The action of the bursting charge therefore causes a 

1 The 75 shrapnel with a special ogive for antiaircraft firing is of the Robin type. 
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slight loss of velocity. In addition, the axial charge of the 155 case 
shot spreads the balls. The balls aAd fragments, however, retain 
their velocity better than with the base charge and Robin shrapnel, 
because of their greater weight. 

FUZES. 

337. Shrapnel and case shot are armed with a fuze so constructed 
as to burst the projectile at the desired instant. 
This fuze is: 
Time, or 
Combination, 
depending on its method of operation. 
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CHAPTER 3. 
GAS SHELLS. 

KINDS. 

8!88« The gas shells of the A. E. F. are classed according to the 
properties of the liquid charge as: 
Lethal. 
Persistent or lachrymatory. 

Some gases are both lethal and persistent. 

339. Lethal (deadly) gas is used to produce casualties. In most* 
cases, one or two full breaths is sufficient to produce a severe casualty. 
The enemy mask, if adjusted in time, gives more or less complete 
protection, depending on the nature of tne gas. 

Persistent gases are only slightly lethal, but extremely lachryma-^ 
tory or irritating. 

330. Destgrn of proJeetOes.— The projectiles are steel or semisteel 
shell, or bombs. The projectile is merely a container, no effect from 
the fra^ents being expected. Existing types are utilized for 
simplicity, economy, and rapidity of production. 

Gas shells are made the same weight as the corresponding H. E. 
shells by filling the cavity only partiiilly, or by combining liquid* 
of different specific ^vities. A void is always left to Slow fo^; 
expansion of the liauid. 

331. Marking: of gas shells. — ^The following system is used in 
marking gas shells: . . 

Lethal. — White bands, i inch wide and J inch apart, around 
the middle of the shell body, which is painted gray. 

Persistent. — ^Red bands of the same kind. 

In addition all gas shells are stenciled in white lengthwise of the 
body with the words, "Special Gas.'* 

169 
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The foUomng distinctive Tnarkings apply to the gas shells now 
supplied: 

FILLING. ^ BANDS. 

V. N. 1 white. 

C. G. • 2 white. 

N. C. (P. S. and K. J.). 1 white, 1 red. 

P. G. (P. S. and C. G.). 1 white, 1 red, 1 white. 

B.A. Ired. 

The character of the liquid charges is described in paragraphs 
383, et seq. 

333. Fuzes. — The explosive charge necessary to rupture a gas 
shell is contained in the booster casing. The char^ is variable 
according to whether it is desired to vaporize the liquid and form a 
gas cloud at once, or spray the liquid over the ground for the produc- 
tion of gas by evaporation. 

333. To seeure the maximum effectiveness, lethal and per- 
sistent gas shells must be used with instantaneous. fuzes.—' 
A nondelay fuze bursts the shell after it has penetrated the ground. 
A portion of the liquid is thus absorbed by the earth and the eflfi- 
cienc)^ of the shell diminished. A burst much above the ground is 
undesirable. . 

Either the instantAneous or the long fuze is used. 
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OTHER SPECIAL SHELLS. 

ADJUSTING SHELLS (Projectiles de rfiglaee). 

334. These are now in use only for the calibers of 105 and 120. 

The visibility of the burst is improved by pieces of phoephonis in 
the base. 

They are distinguished by a white band on the body of the shell 
and the letters R^-Ph. 

Adjusting shells for the other calibers are being developed. 

They should be armed with an instantaneous or nondelay fuze. 

SMOKE SHELLS (Projectiles ftimi«dnes). 

335* These are used to screen an attack from observation, or to 
blind hostile organizations. They may be mixed with a barrage to 
improve its screening effect. 

Smoke shells are distinguished by one yellow band on a gray body 
and the stenciled words "Special Smoke." 

They should be armed with an instantaneous or nondelay fuze. 

STAR SHELLS (Obus Sdairants). 

336. These are for the study of objectives or watching the terrain 
at night. 

They contain one or several parachute stars, which are released 
by the burst. 

The illumination reaches several hundred meters and lasts about 
a minute. 

This shell is at present manufactured only for the 75. ^ It is armed 
with 22/31A time fuse, Model 1917 (maximum time of burning, 31 
seconds). 



1 There are still some 155 star shells in the supply of fortified places. 
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TRACER SHELLS (Obng traceura). 



337. There are tracer shells for the 75 and 105 calibers for attacking 
balloons. 

During flight the shell emits long flames and smoke from vents in 
the ogive. • This materializes the trajectory. The shell is incen- 
diary and ignites the gas of balloons struck oy it. 

It is visible only during flight, but as the trajectory is outlined the 
adjustment of fae is quite easy. 
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PART VII. 
EFFECT OF PROJECTILES. 
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CHAPTER 1. 
H. E. SHELL. 

PENETRATION. 

338* The effect of an H. E. shell bursting on graze depends essen- 
tially on its course after impact and where on this course the burst 
occurs. 

The course after impact depends on several elements: Angle of 
impact, remaining velocity, form and weight of the shell, whether 
it is flying true, the nature of the ground. The angle of impact is 
the most important of these elements. 







Fig. 43. 

339. The following are the typical cases of the course of the shell 
after impact, depending on the value of the angle of impact.^ 

Flat flre (Tir tendu).— w from 0° to 15°. 

The shell ricochets, leaving only a slight trace on the ground 
(fig. 43). 

Flat flre.— <o from 15° to 25°. 

Depending on the remaining velocity and the sharpness of the 
point, the shell ricochets after a certain distance undeigroimd ('), 
or remains a small distance underground (fig. 44). 

1 The angle of fall may be taken as 3/2 of the elevation for guns with normal charge 
(pleine charge) and as 5/4 of the elevation for howitzers and mortars. 

2 Shells with a taoered base have a greater tendency to ricochet than those with a 
cylindrical base. The ogive of semisteel shells is frquently broken by impact. A 
no-burst results if the ogive separates from the body before the fuze functions. 
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840. Curved fire (tir plongeant).--<o from 25° to 40°. 
The shell follows a sinuous course underground, tending to return 
to the surface. However, if the shell is much flattened on the point 




V77779 




Fig. 44. 



(P shell, called a truncated ogive shell, capped with a thin plate), 
the course underground is practically straight and in prolongation of 
the trajectory regardless of the angle of impact (fig. 46). 
3il. BBgh angle fire (tir vertical).-— w greater than 40°. 




^2> 

Fig. 45. 

The course of the shell underground is practically straight. The 
penetration depends on the remaining velocity of the shell, its 
shape and weight, and on the condition and nature of the ground 
(fig. 47). 
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S4!S* The penetration of the shell is affected by so many elements 
that fixed values for it can not be given. It varies with the nature 
of the ground and the obstacles encountered, but especially with the 
caliber of the shell and the remaining velocity. 
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Fig. 46. 



343. The following table gives some experimental results, using 
dummy projectiles:* 



CaUber. 


ing ve- 
locity. 


Ang!eof 
impact. 


Mean 
vertical 
penetra- 
tion. 


Mean 
horizon- 
tal penfe- 
tratioD. 


75 


Meters. 
220 
280 
225 
/ 350 
1 350 
250 
280 
290 


Degrees. 
25 
30 
42 
38 
65 
35 
59 
65 


MeUrs. 
1.0 
1.6 
2.0 
3.4 
4.5 
3.0 
6.0 
6.0 


Meters, 
1.6 


155 


2.6 


220 


4.0 


280.. .. 


4.6 


370.. .. 


3.8 
6.5 
5,0 




2.5 



I The ground was of medium resistance, a calcareous tufa covered with about .60 
meters of clay. 
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S44. From the preceding, it can be seen that deep penetrations 
can be obtained only with large caliber shells fired at high eleva- 
tions. 

For a penetration of 2 meters in medium soil it is necessary to use 
at least a 155 shell, with an angle of impact not less than 45°. 

For the medium calibers, up to 155, inclusive, at elevations less 
than 20°, no more than 1 or IJ meters penetration can be expected. 

345. Concrete. — Penetration in concrete (b^ton) or reinforced 
concrete (b^ton arm^) varies greatly with the quality of the mate- 
riel, but is always much less than in earth. It is principally a ques- 
tion of the striking energy, so that high remaining velocities and 
large calibers are necessary. It is also essential that the shell be not 
broken by the impact, which necessitates a semi-A. P. shell with a 
heavy hardened point and a delay base fuze. 

EFFECT OF THE INDIVIDUAL BURST. 
A. Sheaf of the burst. 

346* If an H. £. shell is detonated at rest, the fragments are 
thrown practically perpendicularly. 

Three sheafs are thus formed: 

Ogive sheaf (gerbe d' ogive), not dense, to the front. 

Lateral sheai (gerbe lat6rale), the most important, consisting of 
a thin sheet, perpendicular to the axis of the shell. 

Base sheaf (gerbe de culot), to the rear. 

Figure 47 illustrates these effects. 

347* If the shell bursts in flight, the character of the sheafs is the 
same, but the velocity and direction of the fragments is the resultant 
of the velocity of the shell and the velocity due to the burst. 

As the axis of the shell practically coincides with the trajectory, 
the lateral sheaf is approximately perpendicular to the trajectory. 

If the angle of impact is not too great nor the burst too high, the 
trace of the lateral sheaf is clearly visible on the groundj^ and is 
called by the French the "coup de hache" (cut of an axe). 

With high angle fire and an instantaneous fuze, the ground ia 
swept in all directions. 

348. The burst of a steel shell, particularly the long one, breaks 
the body into splinters or sharp fragments (^lats). 
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' Tlie initial velocity imparted to these fragments is around 1,000 
to 1,500 meters. 
The three sheafs are clearly separated. 

Ogive Sheaf 




Base Sheaf 

Fig. 47. 

On account of their irregular form, the fragments lose theif 
velocity very quickly. The small ones are usually thrown not 
farther than about 30 meters. The large ones may travel several 
hundred meters. 

349. The three sheafs of the semisteel shell are less distinct 
than with the steel shell. 
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The fragments are smaller and more numerous. 

The semisteel shell is therefore more efficient than the long 
shell against unsheltered personnel, close to the burst, in spite of 
its lesser bursting charge. 

But the radius of effect of the semisteel shell is considerably 
less than that of the steel shell, because of the small size of the 
fragments and their lesser velocity. 

350. The burst of the cast-iron sheU more or less pulverizes 
the metal, although there are occasional large fragments with low 
velocity. 

The radius of effect of these shells is very small. 

B. SheU gas. 

351* The detonation of an H. E. shell creates a niass of gas whose 
quantity is proportional to the explosive charge. 

When the burst is in air, the blast of the gas of explosion is very 
powerful. 

35!3. A shell burstiog in a closed place has a particularly violent 
effect. The walls are generally forced outwsurd; if not, the gas 
escapes with destructive violence through the openings. 

3^. If the shell bursts underground or in an obstacle the expan- 
sion of the gases causes a considerable disturbance and upheaval 
if the effect reaches the surface. If the effect is entirely under- 
ground, a cavity is formed, and nearby dugouts are crushed in. 

354. Shell gases are very poisonous. By filtering through fissures 
in the ground, they can reach dugouts which are still intact and 
cause death, unless good ventilation is maintained. 

H. E. shells are not generally incendiary. 

C. Variadon of the effect with the position of the burst. 

855* (1) In air. — ^The shell can burst in air in time or ricochet 
fire. Most of the effect is from the fragments. 

For a given shell, the effect varies with the height of burst, but 
is nearly independent of the range. 

If the burst is very near the ground, nearly all of the fragments 
will be effective, but the efficiency of the burst will be small because 
it is too local. 



d by Google 



180 



ARTILLERY FIRING. 



If the burst is too high, the fragments will lose their effectiveness 
before reaching the ground, except a few large ones in the case of 
the steel shell 

356. Time sheU fire.— With the 75, 105, 120^ and 155 H. E. 
shells, steel or semisteel, the best height of burst is between 10 and 
20 meters. 

The following table gives the depth and width of the ground 
effectively covered by the fragments of a burst, and the maTimum 
distance effectively reached by the largest fragments: 



Shell. 



75, Modell900, steel 

105, Model 1915, steel 

120, Model 1914, steel 

120, Model 1915, semisteel 

155, Model 1914, steel 

155, Model 1915, semisteel. 



Zone effectively 
covered. 



Depth. Width. 



Meters. 
5 
6 
8 
9 
8 
13 



Meters. 
15 
45 
50 
45 
70 
70 



Radius of 
effective- 
ness of 
the larg- 
est frag- 
ments. 



Meters. 
150 
300 
300 
100 
500 
200 



The efficacy varies but little for heights between 5 and 30 meters, 
but decreases rapidly abovp 30 meters. At 80 meters height there 
is practically no effect, only a few large fragments being effective. 

357. When the height of burst is about 20 meters, the semisteel 
is more effective than the steel shell, as it gives more deadly frag- 
ments in the space effectively covered. Moreover many of the frag- 
ments which are not deadly give important superficial effects. The 
semisteel is therefore preferable. 

358* The height of ourst adjustment is very important in time 
shell fire. The range must also be accurately adjusted, as the 
lateral sheaf has very little depth. 

359. If the adjustment is correct, time shell fire has important 
moral and material effect on unsheltered personnel (in the open 
or in open trenches). 
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It is not effective against materiel, because the bursts are too 
high. 

At long range, the fuze dispersion is such that, for a burst height 
of 20 meters, both grazes and very high bursts will be obtained. 
Such fire will be much less effective than at mean ranges and 
percussion fire with long fuzes is better. 

360* Moreover, in general, time shell fire should be used only 
when ricochet fire and percussion fire with instantaneous fuzea 
can not be used. Time fire, shell or shrapnel, is appropriate in 
the following cases: 

(a) When the ground at the point of fell is badly torn up (craters 
or shell holes'), or marshy. 

(6) When tne objective can not be reached because of its defilade. 

Time fire is particularly appropriate when the objective is on such 
a steep slope that percussion nre with instantaneous fuzes is not 
effective. 

361. Ricochet fire. — ^The H. E. shell, bursting after ricochet is 
similar to an air burst in time fire. 

But the burst is on an ascending trajectory whose direction is fre- 
quently deviated by contact with the ground. The base sheaf is 
effective. The lateral sheaf has variable inclinations in the plane 
of fire. Tbis is in reahty favorable, because of the small aepth 
covered by a single burst. 

The proportion of ricochets increases as the angle of impact 
decreases. 

362. The following table shows the ranges between which ricochet 
fire may be used wim the 75 H. E. shell, Model 1900, normal charge, 
for vanous slopes of the ground at the objective: 



Reverse slope. 


Forward slope. 


Sloi)e 


f 3,800 
] to 
1 5,900 


15% 

3,500 

to 

5,600 


2,600 

to 

5,300 


to 
4,700 


5% 
500 
to 
4,000 


10% 

500 

to 

3,000 


to 
2,600 


20% 


Range meters... 


500 

to 

1,600 
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, As a general rule, it may be taken that the 75 shell with normal 
char^ will ricochet when the angle of incidence is less than 15°. 

With the fuse of 0.05 second delay, it acts as a low air burst, at a 
mean height of 2 to 4 meters and about 15 meters beyond the point 
of impact. 

363. Ricochet shell fire is effective against materiel within a meter 
of the burst. Against personnel, the effect is about the same aa 
with air bursts in time fire, but slightly greater because the base 
sheaf is more effective, 

364* There are the following difficulties in connection with 
ricochet shell fire with medium calibers: 

(a) Before ricocheting, medium caliber shells travel considerably 
further in the ground than the 75 shells. The 0.05 second delay fuze, 
Model 1899-1908, has thus an insufficient delay for ricochet fire, for 
most ground and average fighting ranges. 

(6) Semisteel shells are frequently broken by impact at small 
angles of impact which lessens the proportion of ricocnets. 

(c) For small angles of impact, the greater the weight of. the shell 
and the remaining velocity, the greater the likelihooa of deforming 
the fuze and causing a no-burst. 

In general, if ricochet fire with medium caliber shells is necessary, 
use percussion detonating fuzes with 0.15 second delay, and care- 
fully observe the bursts. If there are too many no-bursts, the fire 
should be stopped. 

With the 105 steel shell, ricochet fire with long delay fuzes can be 
used over level ground up to about 7,000 meters. 

365. (2) At the grouna. — For all ranges having angles of impact 
^ater tnan about 10°, bursts at the ground can be obtained with 
instantaneous fuzes. 

Because of the low burst, the effects of the fragments are somewhat 
less than for the air burst, but with the same characteristic effect of 
the lateral sheaf, particularly with long fuzes. The only fragments 
found in the crater are a few from the ogive and fuze. 

For high elevations (high an^le howitzer fire and trench mortar 
fire), the lateral sheaf sweeps all around the i)oint of burst. 

Fire with instantaneous fuzes is very effective against personnel 
In the open, in which case, as in time fire, the semisteel shell is 
preferable. 
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366. Up to a certain radius, the effect ct the blast augments that 
of the fragments in sweeping the ground. 

Long shells and bombs with the instantaneous fuze are also very 
effective in destroying entangelements when the range is great 
enough. 

With materiel using several charges, fire with instantaneous fuzes 
should be with the smallest charge giving the necessary range. 

367* (3) Slightly underground. — Bursts slightly underground 
are obtained- - 

(a) With nondelay fuzes, at all elevations which do not give 
ricochets. 




Fio. 48.~Clean crater (entonnoir d6blay6). 

(b) With delay fuze, and angles of impact less than about 25°, when 
ricochets do not result. 

38S« A shell bursting at a depth of once or twice its length forms a 
hemispherical crater, Sirowing earth and fragments to some distance 
but leaving some fragments in the crater. 

The effect depends on the ground and the explosive. For a given 
explosive the effect is proportional to the bursting charge. 

369* The following table gives the dimensions of some clean 
craters in very hard undisturbed ground (chalky or calcareous soil 
or gravel). It will be seen that even with meaium calibers up to 
include 220 the shell can not penetrate more than about a meter 
and completely clear the crater: 



d by Google 



184 



AETILLEBY FIBIKG. 



ShelL 



Crater. 



Diame- 
ter. 



Depth. 



Volume. 



120 long 
155 long 
2201oni; 
370 long 



Meters. 
2.5 
3.5 
4.5 
6.0 



Meters. 
0.9 
1.1 
1.4 
2.2 



Cubic 

meters, 

2.6 

6.0 

13.3 

36.0 



In clay, the volume of earth thrown out may be as high as double 
these figures. 

In earth, previously loosened, the excavation may be triple that 
stated above. 

370. Although fired at high elevations and with long delay fuzes, 
trench mortar bombs do not penetrate deeply and therefore form 
clean craters. 



Mortar. 


Bomb. 


Crater. 


Diameter. 


Depth. 


58 No. 2, or Van Deuren 

150 T 


■ 

fLS, 18 kg 

\DLS,35kg... 
18 kg 


Meters. 

2 to 3 

4 to 4.5 

3 to 3.5 
6 to 10 


Meters. 
1 to 1.5 
1.75 
1.5 to 1.8 


240 long or short 


87kff 


1.3 to 3 
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S71« (4) At a depth of 3 or 4 sheU leng^ths.— As the dep'h at 
which the shell bursts increases, the amount of earth displaced 
increases, but a part falls back into the crater and covers the bottom. 

Such effects are obtained particularly with delay fuzes at elevations; 
between 25° and 40°. 




%/i/ttiiiw 

Fig. 49.— Earth loosened. 

The following table shows, for hard soil, the amount of earth, 
loosened for various long shells: 

Earth loosened. 



Shell. 



Outer di- 
ameter. 



Depth. 



155 long 
220 long 
270 lon^ 
370 long 



a. 5 

5.5 
6.0 
10-. 



Meters, 
1.5 
2.3 
3.0 
6. a 
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dl2, (5) At great depth.— When the burst occurs at too great 
a depth the force of explosion is no longer sufficient to rupture the 
ground above the point of burst. 

A subterranean cavity is formed, the surface of the ground being 
slightly raised over the burst, with sometimes a circular depression 
iu*ouna the raised portion. 

A cavity thus formed is called a eamouflet. 




Fig. 50.— Camouflet. 

The force of the explosion is spent by violent pressure on the 
siuTOunding earth. The camouflet will thus have from 1 to 2 meters 
greater depth than the penetration of the shell. 

The effect is entirely underground. It may reach deep dugouts 
if the shell is large enough. No fragments come out of the ground. 
If any smoke escapes it is very thin and the observation of the shot 
is generally impossible.^ 

Camouflets occur principally in high angle fire and sometimes in 
firing at elevations of about 40°. 

1 Observation must be obtained by occasional rounds with the same shell but 
using a nonielay fuze. 
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373. The following table gives the approximate depth of the 
bottom of camouflets in high angle fire, at the usual fighting ranges, 
in hard ground. The gas pressure is felt at some distance and may- 
break down dugouts below the camouflet: 



SheU. 



Depth 
reached. 



155 long 
220 long 
270 long 
370 long 



Meters. 
3.0 
4.5 
6.0 

- 10.0 



The depth reached is materially modified by the nature of the soil 
and the remaining velocity. 
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CHAPTER 2. 

SHRAPNEL AND CASE SHOT. 

EFFECT OF THE INDIVIDUAL BURST. 

A. Air. 

374. When a shrapnel bursts in air, the balls are driven forward 
and form the shrapnel eone (gerbe). The distribution of the balls 
over a right section of this cone may be taken as uniform. 

The angle at the apex of the shrapnel cone is called the ang^le of 
opening (ouverture de la gerbe). Its value, or half its value, is 
given in tne firing tables. 

The axis of the cone is substantially tangent to the trajectory at 
the point of burst. 

The ground covered by the shrapnel balls is called the pattern. 
Its form varies with the range, and its size for a given range increases 
with the height of burst. 

375. Shrapnel balls lose their velocity and penetration rapidly 
because of the air resistance and after a short flight cease to be 
effective. 

To be effective a shrapnel burst must be low, but if too low the 
pattern is small and its effectiveness much reduced. 

376. It is tlierefore very important tliat tlie bursts in fire 
for effect be adjusted at the normal height.— The permissible 
departure from the normal height of burst without losing too much 
effectiveness is smaller with the lighter balls. In night firing, it is 
generally difficult to control the height of burst. In this case, the 
heavy balls of 18 to 26 grams (120, 155, 140 and 145 shrapnel or case 
shot), are better than 12 gram balls (65, 75, and 105 base charge 
shrapnel or 75 Robin shrapnel).^ 

» If the heieht of burst is well adjusted, the 155 shrapnel or case shot is very eflectiTe, 
because of the size and weight of the balls and the separator fragments of the latter 
projectile. In close defense, the ground is effectively covered to a range of about 600 
meters for a fuse setting of 0. 

188 
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377. Time shrapnel fire is tlie most eifective metliod against 
personnel in the open. It is particularly appropriate to 

S recent repair of demolitions and for harassing and inter- 
iction lire. — It may be used for barrage and it gives sure eliect 
against machine guns in shell holes outside of the trenches. 

378. But acainst sheltered personnel, even with high angle fire 
and a well adjusted height of burst, time shrapnel or case shot fire 
is ^actically without effect. 

The balls or separator fragments are nearly always stopped by a 
light cover, such as a brush roof covered witii 10 cm. of eartt and 
6 cm. planks. 

At long range the fuze and range dispersion is so considerable that 
time shrapnel fire should be used only against laige bodies of troops 
in the open. 

B. Graze. 

379. When a shrapnel bursts on graze, at a small angle of impact^ 
it ricochets before the burst actually occurs. 

The cone of a shrapnel bursting after ricochet sweeps the ground 
very effectively for Skort ranges.^ As the range increases, the tra- 
jectoiy after ricochet becomes more elevated, the balls are pro- 
jectea into the air, and lose their effectiveness before reaching the 
ground. 

Unless there is ricochet, percussion shrapnel is ineffective. 

It is not advisable to use shrapnel against materiel, even in the 
open. 

380. Incendiary eifect. — ^Percussion or low air bursts of shrapnel 
or case shot, when close to combustible materiel, can have incendiary 
effects. The Robin shrapnel is especially effective in this respect. 

J With the 75, up to 1,500 meters, on ground favorable for ricochets, the effective- 
ness of percussion shrapnel fire against unsheltered personnel is practically the same 
as that of time Are. Tne ground effectively covered extends 200 meters beyond the 
point of fall. Under these conditions, the adjustment of the height of burst is elimi- 
nated and there is a lesser dispersion than in time fire. 

120 or 155 shrapnel or case snot fired so as to burst on graze about 100 meters /rom 
the pieces are effective up to about 500 meters. 
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CHAPTER 3. 
GAS SHELLS. 

381. The effect of gas shells is derived from the vaporization of the 
liquid charge. Casualties are not to be expected from the shock of 
burst or from the fragments. 

The liquid is wholly or partially vaporized when the shell bursts. 
In the case of the less volatile liquids, the vaporization may not be 
complete for as long as five days. 

USE. 

382. Atmospheric conditions materially influence the effective- 
ness of lethal and persistent gases. 

The wind rapidly dissipates a gas cloud and hastens the vaporiza- 
tion of liquid scattered on the ground. A drop in temperature lowers 
the dew point, and a rise in temperature expands the gas and hastens 
its diffusion. Sunshine causes local ascending air currents which 
lift the gas above the ground. Water destroys the gas products by 
chemical action. Water vapor, however, has no appreciable effect. 
A heavy rain is very detrimental. 

In general lethal gases should not be used when the wind velocity 
is over 3 meters. Persistent gases may be used with wind velocities 
up to 6 meters. But the effectiveness of all gas shells is greatly 
reduced by a strong wind. 

Since all of the gases used are heavier than air, they tend to flow 
into valleys and depressions. Their effects are greatest in places 
that are sheltered from the wind, such as woods, valleys, closely 
built villages, or ground covered with thick brush. 

383. Characteristics of gases.— The liquid charges of the gas 
shells used by the A. E. F., at present, are as follows: 

V. N.— 1 white hand. A mixture of 4 different liquids. The 
lethal part is lighter than air, but is held do^vn to sOme extent by 
the other gases. The vapor is very lethal and in high concentra- 
tions causes death, but when breathed in lower concentrations pro- 
duces no harmful effects. 

C. G. — 2 white hands. This is probably the most important gas. 
The liquid has a boiling point of 8° C, and the vapor is several times 
heavier than air. It is not only fatal in high concentrations, but 

190 



d by Google 



ABTILLEEY PIBIHG. 191 

produces serious casualties if breathed for a sufficient time in lower 
concentrations. The effect may last from a minimum of five minutes 
in the open, with a 3-meter wind, to six hours or more in places shel- 
tered from the wind. 

N. C, — 1 white, 1 red band. This is a mixture of P. S. and 
K. G., which boils at 112*^ C. The vapor is many times heavier 
than air. It is a persistent lachrymator, and, in addition, is quite 
lethal. Its vapors penetrate the German mask to a greater extent 
than any other, so that it may profitably be used simultaneously 
with C. G. for destruction. It lasts from one-half hour to 18 hours. 

P. G. — ^1 white, 1 red, 1 ^hite band. This is a mixture of 
P. S. and C. G. The vapor is several times heavier than air. It 
is lachrymatory and quite lethal. It penetrates the German mask, 
causes vomiting, and forces the removal of the mask. It is used 
for destruction. 

B. A. — 1 red band. The vapor is several times heavier than 
air and is intensely lachrymatory. It is effective in concentra- 
tions as low as one part in a million. In high concentrations it 
is fairly lethal, and is very economical for neutralizing. Its effect 
lasts from 2 ta 48 hours. 

CONDITIONS FOR SAFETY. 

384. The respirator gives complete protection against all of these 

res when it is in good condition and well adjusted. Hie French 
2 mask gives complete protection, except in the case of N. C., 
P. G., and B. A., for which it affords partial protection. 

385. Persistence of gases. — (a) In the open witii a wind of 2 
meters or more: 

V. N 10 minutes. 

C. G 20 miautes. 

B. A 40 minutes. 

P.S.orP.G.: 2 to 3 hours. 

N.C 3to 4hour8. 

(6) In woods or brush: 

V. N 1 hour. 

C. G 3 hours. 

B. A 4 to 5 hours. 

P. S. or P. G 5 to 6 hours. 

N. C 8 to 10 hours. 



Digitized by VjOOQIC 



192 ABTILLEBY FIBINa. 

(c) In the case of unprotected dugouts, cellars, or deep holes, 
the time may be considerably longer. In the case of certain gases, 
it is unsafe to dig up the ground wnere a shell has burst for a week 
or more. 

These figures must be taken into consideration in gas-shell firing 
on ground over which our infantry is to attack. 

388. Safe distance of eas-shell objectives from friendly 
line. — Gas should never be fired on an objective which is less than 
200 meters from the friendly line, even when the wind is toward 
the enemy. When the wind is blowing toward the friendly line, 
the minimum safe distances, without masks, are as foilows: 

Meters. 

V.N 500 

C. G 1,000 

N. C, P. G., B. A 2. 500 

When the objective is less than these distances from the friendly 
line, our infantry should be warned ' to put on its masks, if the 
wind and terrain are such that the gas may drift toward them. 
If such warning is not practicable, gas shell shotild not be fired 
under these conditions. 

387. Storage of gas sliells. — At the battery positions, gas sheila 
should be piled in small dumps, the number in each being as follows: 

The 75 100 

The 120 50 

The 155 25 

Leaking gas shells should be disposed of by firing, if practicable, 
otherwise by buying them at least 2 meters. Dumps should be 
located to the leeward of battery positions, according to the pre- 
vailing wind. 

A hostile shell striking a dump has never resulted fatally in service. 
The liquid is not perfectly vaporized and the gas cloud formed is 
inconsiderable. 

1 Since gas-shell firing should always be by surprise, telephone conversation In 
regard to it must be in code, to prevent the enemy from learning of it. Communi- 
(^tio.n$ of tliis kind should be reduced to a minimum. 
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APPENDIX 1. 
COKVERSION TABLES 

FOR 

ANGULAR UNITS 

Table I. Degrees^ minutes^ and seconds into grades. 

Table II. Grades into degrees and minutes. 

Table III. Centigrades into minutes and seconds. 

Table IV. Dedmilligrades into seconds. 

Table V. Minutes and seconds into thousandths of a (fe^ec. 

Table VI. Degrees into mite (6400). 

Table VII. Grades into mite. 

TABLES OF METRIC EQUIVALENTS. 

Table I. Linear equivalents. 

Table II. Volume and capacity equivalents. 

Table III. Area equivalents. 

Table IV. Weight equivalents. 

Table V. Approximate metric equivalents, 
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TABLES OF METRIC EQUIVALENTS. 

TABLE I. 
linear eqnlTalents. 



Mm. 


Cm. 


M. 


KUom. 


In. 


Ft. 


Yds. 


Mile. 


1 

10 
1000 


0.1 
1. 
100 


6.001 
.01 
1. 
1600 

.0254 
.3048 
.9144 
1609 


".66i "■ 

1. - 

'.oowi* 

1.609 


0.0394 
.3937 
39.37 
39370 
1 

12 

36 

63360 


0.0033 
.0328 
3.281 
3281 
.083 
1 
3 
5280 


0.0011 
.0109 
1.0936 
1093.6 
.0278 
.333 
1 
176« 






.0006 
.6214 

".oooie"' 

.00057 
1 


25.4 
' 304.8 


1.54 
30.48 
91.44 









TABLE n. 
Yoliiine and capacity equlTaloita. 



Cu. in. 


Cu.ft. 


Cu. yds. 


U.S. quarts. 


U.S. gallons. 


liters. 


1 

1728 

46656 

57.75 

231 

61.02 


0.00058 

1 

27 

.03342 

.1337 

.03531 


0.00002 
.03704 

1 

.00124 
.00495 
.00131 


0.01732 
29.92 
807.9 
1 
4 
1.075 


0.00433 
7.481 
202. 

.25 
1 

.2642 


0.01639 
28.32 
764.6 
.9464 
3.785 
1 



TABLE m. 
Area equiTalents. 



-Hectare. 


Square 
meters. 


Square 
inches. 


Square feet. 


Square yards. 


Acres. 


Square 
mUes. 


1 


1 

.00065 
.09290 
.8361 
.4045 
2589998 
10000 


1550 

1 

144 

1296 


10.76 
.00694 
1 
9 
43560 


1.196 
.0008 
.1111 
1 
4840 
3097600 
11961 


0.00025 






.00002 
.00021 
1 

640 

247 






0.00156 

1 




107649 
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Take units of grades from top line, tens of grades from side column. 
Examples: 88%9= 1408 mils (from main table). 
11 mils (from small table). 

1419 mils. 
1094 mil8=68* (see 1088 in main table). 

. 38 (see 6 in small table). 

68. 38 grades. 
247<*46=3840 (u« 24X10=240). . 

112 (7 grades). 

7 (in small table, use .44 as nearest mil, all that 

is desired). 

3959 mils. 
4793 mils=300 (4800 mils=300 grades). 

.44 ( 7mils= .44), 



299..56 



TABLE IT. 
Weigbt eqairalents. 



Kg. 


0%. 


Lbs. 


Short tcMis. 


Long tons. 


Metric ta»s. 


1 

.02835 
.4536 
907.2 
1,016 
1,000 


35.27 
1 

16 
32,000 
35,840 
35,270 


2.204 
.0625 

1 
2,000 
2 240 
2,204 


0.0011 


0.0009 


0.001 


.0005 
1 

1.12 
1.102 


.66644 
.8929 
1 
.9842 


.00045 
.9072 
1.016 

1 
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TABLE y. 
Approzfanate metric eqaiyalents. 

Length equivalents. 



1 millimeter = 


0.04 inch. 




1 centimeter = 


.4 inch. 




1 decimeter = 


4 inches. 




1 meter ^ 


10 decimeters = 


3 ft. 3 in. (39.37 in.). 


1 decameter = 


10 meters = 


11 yards. 


1 hectometer= 


100 meters = 


110 yg^rds. 


1 kilometer ==: 


1,000 jneters = 


{ mile. 


1 inch = 


25 millimeters = 


2\ centimeters. 


Ifoot = 


300 millimeters = 


30 centimeters. 


1 yard = 


90 centimeters = 


9 decimeters. 


1 mile =1,600 meters = 


1.6 kilometers. 



To obtain length in inches, multiply length in millimeters by 4 
and point off 2 decimal places, viz.: 420 mm. X 4= 16. 80 inches. 
If distance is given in centimeters, proceed as above, pointing off 
only 1 decimal place. 

To obtain length in centimeters or millimeters, divide length in 
inches by 4, pointing off 1 and 2 decimal places, respectively. 

To convert kilometers to miles, multiply by 6 and point off 1 
decimal place (i. e., multiply by 0.6), viz.: 11 km. =6.6 miles. 

To convert miles to kilometers, divide by 6 and add one cipher, 
viz. : 72 miles=120 km. Or multiply distance in miles by 1.6, viz.: 
10 miles=16 km. 

Weight equivalents, 

500 grams =1.1 lbs. 
1 kilogram =1,000 gram8=2.2 lbs. 
1 metric ton=l,000 kg. =2,204 lbs. 

Volume equivalents. 

1 liter =1,000 cubic centime ters= A quart. 
1 gallon=4 quarts =4.4 liters. 

66778**— 18 14 
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APPENDIX 2. 

APPUCATION OF THE LAWS OF DISPERSION IN DEDUCING 
METHODS OF FIRE. 

388. The methods of fire sure based on the laws of dispersion, 
which are discussed in paragraphs 17 to 28. 

389. Trial Are. — ^The object of trial fire is to place the zone of 
dispersion of a single elevation so as to include the objective (par. 
203). The method consists in bracketing the objective between 
two verified elevations differing by four fiel(f probable errors (p«ar. 
215). The objective should then be within the zone of dispersion 
of the mid-elevation of the bracket. 

390. Assmne the range as about 5,000 meters, and the range 
probable error as 25 meters. 

Trial fire gives a bracket of say 5,000-5,100. 

The zone of dispersion of 5,000 is from 4,900 to 5,100. It is only 
known that 4,900 is short and 5,200 over. The objective is then 
between 4,900 and 5,200, almost certainly. 

391. Improvement fire.— The prescribed method is to fire at the 
trial elevation ^pars. 215 and 219), that is, at 5,050. 

The zone of oispersion for 5,050 is between 4^950 and 5,150. Im- 
provement fire is conditional on th.3 zone of dispersion of the trial 
elevation covering the objective. If this is not tne case, the adjust- 
ment must be begun anew (par. 222), as for example, if the objective 
be between 4,900 and 4,950, as A, or between 5,150 and 5,200, as B. 

4950 5050 5150 

1 1 1 — I 1 1 1 

4900 A 5000 5100 B 5200 

Fig. 61. 

What is the probability of this occurring? 

In firing at 5,000, the probability of a snot being short of 4,950 ia 
9 per cent (fig. 51). The probability of having two shots at 5,000 
short of 4,950 is .09X.09=.0081 (par. 26), which is applicable in 
this case, since the bracket was verified. 

2X0 r- I 
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It is thus seen that the probability of the objective being without 
the zone of dispersion of the trial elevation, after having obtained 
a verified bracket of one fork, is very slight. It is provided for in 
paragraph 222. 

If the objective is two probable errors short of the 
range center (page 34, fig. 10), improvement fire of 
12 rounds should, on the average, give 1 short and 
11 overs. Paragraph 219 prescribes a change of ele- 
vation of five-twelfths of a fork in this case, or about 
one-half a fork. This would place the rar^ center 
^ at the objective. 

'2 If the objective is one probable error beyond the 
range center, improvement fire of 12 rounds should, 
on the average^ give 3 over and 9 short. The pre- 
scribed elevation chaise would then be thiee- 
twelfths of a fork, which would place the range 
Center at the objective. 

392. Adjusted eleTatlon.— The adjusted eleva- 
tion is only approximate. It is based on the applica- 
tion of the laws of dispersion to a limited number of 
events, whereas these laws are strictly correct only 
for an unlimited number of events. 

The adjusted elevation must therefore be accepted 
only provisionally and be modified if necessary as a 
result of fire for effect (par. 254). 

When fire for effect can not be observed, improve- 
ment fire must be continued. 

393. Precision fire for effect.— Paragraph 254 
prescribes series of 24 or 48 rounds. After each 
series a correction is made to reestablish an equality 
of shorts and overs. This correction is independent 
of series previously observed. 

This is not correct mathematically. It has been 
adopted because it is simple, and tends to correct for 
variations of a systematic nature (temperature, barometer, heating 
of the pieces, etc.). 

394. A^lustment by means of the measured deviations of 
tlie sliotg (par. 228).— Let B be the objective (fig. 52). Pj the 
first shot of the adjustment or second of the fire fired with the eleva- 
tion Hi, whose measured deviation is Cj. 
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818 ABTILLEBY FI&ING. 

The elevation is changed by C|, and the next shot P2 fired at 

H2=Hi-fci. 

The deviation Ca is measured. 

It is reasonable to suppose that the shot F^i, if fired with the 
elevation Hq, would have given a target shot. 

The mean deviation of two shots, 1*2 (actual) and P^'i (fictitious) 
is then 

O+C 2 C2 
2 "2* 
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APPENDIX 3. 

CORRECTION FOR THE INCLINATION OF THE 
TRUNNIONS. 



u 


INCLINATION OP THE TRUNNIONS (iN IflLS). 


oncK 


0-20' 


0"30' 


0"40' 


6" SO' 


VW 


VW 


1"20' 


1*30' 


1*40' 


V5(r 


2"00' 


18« 


1.0 


1.9 


2.8 


3.8 


4.8 


5.7 


6.7 


7.7 


8.6 


9.6 


10.6 


11.5 


190 


1.1 


2.1 


3.0 


4.2 


6.1 


6.1 


7.2 


8.2 


9.1 


10.2 


11.2 


12.3 


20- 


1.1 


2.1 


3.2 


4.3 


6.4 


6.4 


7.5 


8.6 


9.6 


10.7 


11.8 


13.0 


21* 


1.1 


2.2 


3.4 


4.6 


6.6 


6.9 


8.0 


9.1 


10.2 


11.4 


12.4 


13.6 


22- 


1.1 


2.4 


3.5 


4.8 


6.9 


7.2 


8.4 


9.6 


10.7 


12.0 


13.1 


14.4 


23" 


1.3 


2.6 


3.9 


5.1 


6.2 


7.5 


8.8 


10.1 


11.3 


12.6 


13.8 


15.2 


24- 


1.3 


2.6 


3.9 


6.3 


6.6 


8.0 


9.3 


10.6 


11.8 


13.3 


14.4 


15.8 


25'* 


1.3 


2.7 


4.0 


6.4 


7.0 


8.3 


9.6 


11.0 


12.3 


13.8 


15.2 


16.6 


28"» 


1.4 


2. 


4.3 


5.8 


7.2 


8.6 


10.1 


11.5 


13.0 


14.4 


16.0 


17.4 


27'» 


1.4 


3.0 


4.5 


6.1 


7.5 


9.0 


10.6 


12.0 


13.6 


15.2 


16.6 


18.2 


2r 


1.6 


3.2 


4.6 


6.4 


7.8 


9.4 


11.0 


12.6 


14.1 


15.7 


17.4 


18.9 


2r 


1.6 


3.2 


5.0 


6.6 


8.2 


9.8 


11.5 


13.1 


14.7 


16.5 


18.4 


19.7 


30- 


1.7 


3.4 


5.1 


6.9 


8.6 


10.2 


12.0 


13.6 


15.4 


17.1 


18.9 


20.5 


31* 


1.7 


3.5 


5.3 


7.2 


9.0 


10.7 


12.5 


14.2 


16.0 


17.8 


19.5 


21.3 


32* 


1.7 


3.7 


5.6 


7.4 


9.3 


11.0 


13.0 


14.9 


16.6 


18.6 


20.6 


22.2 


33- 


1.9 


3.8 


5.6 


7.7 


9.6 


11.5 


13.4 


15.4 


17.3 


19.2 


21.1 


23.2 


34" 


1.9 


4.0 


5.9 


8.0 


10.1 
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The elevation 

^2+2 

gives the shot P3, whose measured deviation is c^ . 
By similar reasoning, the mean deviation of 3 shots, 1 actual and 
C3 
2 fictitious, is «- 

395. Because of the usual inaccuracy in measuring deviations 
and the possible intervention of systematic variations, this method 
^ves only approximate results, and can not be carried through an 
indefinitely long series. 
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APPENDIX 4. 

USE OF METEOROLOGICAL DATA. 

Sources of meteorological data.— In the French service, 
these are: 

(a) Army stations (1 per army). 

(b) Corps stations (1 per corps). 

S Special stations for long range guns.* 
.Certain battalions and batteries may be supplied a barometer 
and thermometer enabling them, if necessary, to calculate the air 
density. 

397. Nature of the meteorological data supplied.— (a) Tem- 
perature and barometer for the mean altitude of the region, which 
18 stated each time. 

(6) Ballistic wind for maximum ordinates of 0,^ 500, 1,000, 1,500, 
2,000, 3,000, 4,000, and 5,000 meters.' 

398. Use (par. 43 and seq.). — (a) Calculate the correction for air 
density (par. 43). 

Data from the army stations gives the weight of a liter of air cor- 
responding to a relative humidity of i (old tables) or J (new tables). 
The weight calculated by the corps stations is based on the actual 
hygrometric state. 

399. (6) Calculate the wind correction as follows: 

Choose the data for the maximum ordinate corresponding to the 
range used. 

Prom the firing tables, calculate the deflection and range correc- 
tions for the lateral and longitudinal wind components, respectively, 
taken with respect to the line of fire. 

1 Artilloy units ordinarily supplied by the army and corps stations may be at 
times supplied by special stations of near-by battalions of Heavy Artillery. 

« On tne ground. 

s At times the actual wind is given, in which case it is specifically so stated. 

The direction fh)m which the wind blows is measured from the Lambert north or 
the true north by the east, from to 40 decagrades. For example, a wind from the 
east is 10. No wind is 00. 

215 
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400. For traxectories whose maximum ordinate is less than 500 
meters, use the data for 500 meters. 

For maximum ordinates less than 1,500 meters, use the corj>s data 
in preference to the army data, because of local variations in the 
lower atmospheric strata. 

When the data available does not extend to maximum ordinates 
sufficiently high, use that for the highest ordinate given. 

401* Data is supplied every four hours, day and night, beginning 
at an hour fixed ror each army by general headquarters. 

USE OF THE BAROMETER AND THERMOMETER. 

403. The aneroid barometer is a delicate instrument. It must be 
kept a sufficient distance from the pieces to protect it from shock. 

It should be frequently compared (every 2 or 3 days), by telephone, 
with the barometer of the meterological station, correction being 
made for the difference in altitude.^ 

403. Thermometer. — The thermometer should be placed in the 
shade. It is best used by whirling it like a sling at the end of a 
string about a half meter long. 

404. Calculate the weight of a liter of air by means of the charts 
in the firing tables. A slight error is made due to the fact that the 
true hygrometric state is not considered. 

1 When an Artillery unit is at an altitude ft' different than that h for the data 
furnished, the twarometer H' may be computed ftom that given, H, by the following: 
H'=.09 (ft-ft'), if fc is greater than A'. 
H'=H-.09 (ft'-A), if A is less than A'. 
If the differenoe in altifude is mon^ than 100 meters, obtain the barometer oorreo- 
tion from the meteorological station. 
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APPENDIX 5. 
BALUSTIC WIND. 

405. Deflnltloiu — ^The ballistic wind is a fictitious wind, constant 
in direction and velocity, which will have the same total effect on 
the flight of the projectile as the actual wind^ which varies in direc- 
tion and velocity in the different atmospheric strata through whict 
the projectile passes. 

400. Determination. — It is assumed that the disturbing action of 
a wind, constant in direction and velocity, on a layer of air of given 
thickness, say 500 meters, is proportional to the time of passage of the 
projectile through this layer. 

Tliis assumption is not strictly correct, but it gives a first 
approximation. 

LetTj, Tg , Tn be the times of flight of the projectile 

through the successive layers of air each 500 meters thick. In each 
of these layers, the wind obtained by direct observation is assumed 
to be constant in direction and velocity. 

Let T be the time of flight. 

Vi, V2 , Vn the longitudinal (lateral) wind com- 
ponent in the various layers. 

By taking the weighted mean of the wind components in the 
various layers, the corresponding xomponent of the ballistic wind 
as previously defined is 

Now it can be verified that the ratios 

T * T * * ' * - * > rp 

are constant for all trajectories of the same maximum ordinate, 
regardless of the eleveation, muzzle velocity, caliber, kind of pro- 
jectile, etc. 
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818 ARTILLEBY FIEINO. 

A study of the various trajectories further shows that if 
Tj, Tj, and T3 

be the times passed by the projectile above the altitudes respectively 
F F, 3F 
T T T 

F being the maximum ordinate, then 

Ti Ti Ta 

-^=.87> -^=.74, -^=.51 

r^ardless of the elevation, muzzle velocity, caliber, and kind of 
projectile. 
This property is general. If Tpin is the time passed by the pro- 
F 'F 

jectile above the altitude ^ — then -^=Kp. 

Kp being a numerical coefficient. 

This and similar coefficients for the various layers permit the 
determination of the ratios 

Ti T2 Tn 

entering into the general expression for the ballistic wind component 
V, previously given. 
To illustrate, take the case where n=4: 

T, T, 

Z?=-^i— Ii=.87-.71=.16 
T T T 



T. Ti 

-'=1-^*=1-.87=.13. 
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The expression for the ballistic wind component is then 
V=. 13Vi+. I6V3+. 2OV3+. 5IV4 

407. Similarly it is possible to find by a study of the various 
trajectories the values of the coefficients in the general case of n 
layers of air. It will be noted that the values thus obtained are 
essentially the same as those found analytically for the trajectory in 
vacuo. 

Assuming on this basis that the trajectory in vacuo affords a suffi- 
ciently close approximation, and remembering that in this case 

the coefficient Kp=^P'-l» becomes Kp=^:i^. 

1 Vn 

Thus 

Ta T^/n T2/n_Tr ^ir _Vn^lzV^ 
T~ T T "^^ *^2- ^- 

Tn__ T(7t-i)/n _ ^n/n _rr tt 1— 1 

T T^ "T"-^'^^~^«-V^ 

The general expression for the ballistic wind component can then 
be written: 

Vn -y/n Vn 

408. In practice, the ballistic wind components for the various 
p^ftYimiim ordinates differing by 500 meters can be determined at 
the meterological stations in the following manner. 

Determine by direct observation the direction and velocity of the 
wind in each of the various layers 500 meters thick. 
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Resolve each of these observed values into components with 
respect to two axes, X and Y, arbitrarily chosen, as, for example, the 
Lambert north and the Lambert east. 

The ballistic wind components for each of the axes is then com- 
puted by the general expression previously stated. 

COMPONENTS OF BALLISTIC WIND. 

Maximum ordinate. Lambert north. 

500 _ _ Xi 

'J2—J1 1 

,oooV^x. + ^x. + ^-x, + ^x. 

2500 and so on. 

Lambert east. 

500 Yi 

lOOO^^Y. + ^Y,^ 

2500 and so on. 

The components thus obtained can then be combined for each 
maximum ordinate. The resultants are the ballistic winds in direc- 
tion and velocity. 

In actual practice, the meteorological stations employ charts or 
other means which greatly abbreviate the process just outlined. 
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PAKT II. 
RECONNAISSANCE. 

APPENDIX 6. 
PROCEDURE IN RECONNAISSANCE. 

GENEBAL REMARKS. 

409* Every reconnaissance begins with a study on the map or 
battle map of the area to be reconnoitered. This study coordinates 
subsequent work and saves time. 

The reconnaissance personnel should in every way possible get 
in touch with the commanders of units which have occupied or are 
occupying the region itself or its vicinity. The experience of these 
officers can thus be utilized to advantage. 

These preliminary steps do not ordinarily obviate the necessity for 
artillery commanders going over the ground themselves and per- 
sonally supervising the units under their orders. 

BY CORPS AND DIVISION ARTILLERY COAfi^ANDERS. 

410. Such reconnaissances are to ^ the general conditions of the 
entry into act-Vn of the large artillery units. 

They are maae conjointly with ttiose of the corps and division 
commanders. 

Corps and division artillery commanders must be perfectly in- 
formed as to the nature and condition of the ground, the communica- 
tions, and the defilade, in order to be able themselves to direct tJie 
march, deployment, entry into action, and supply of their respective 
imits. 

The reconnaissance of the terrain as a whole, the objectives, and 
the observing sectors are made by the artillery conmianaers with the 
assistance of their staffs, immediately upon receipt of information 
as to the engagement of their units. 

Reconnaissances of command observation posts, command posts, 
and liaisons are made as soon as the situation permits. 

221 
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BY REGIMENTAL AND GROUP COMMANDERS. 

411. Each regimental and ^up commander receives instructions 
from the corps or division artillery commander as to* 

'Ibe general situation. 

His mission. 

The conditions of his engagement. 
He also receives instructions as to the location of the various 
Infantry and Artillery command posts, the routes to follow, and the 
liaisons to be established. 

OBJECT. 

412. The object of the reconnaissance is to determine: 
Suitable positions and their zones of action. 

The routes of access. 

Regimental or group conmiand and conmiand observation 

posts. 
The approximate positions of the terrestrial observation posts. 
The plan for telephonic liaisons. 
In addition, the regimental or group commander should estabUsh 
relations as soon as possible with the infantry commander whom he 
has to support. 1 

EXECimON. 

413. Depending on the instructions and informatirn received, the 
regimental (group) commander studies: 

The assignment of battalions to the different missions. 
The conditions of engagement of these battalions. 

414. After having given orders for the continuation of the march 
and the reconnaissances desired, the regimental commander sets out 
on his reconnaissance accompanied by:^ 

The reconnaissance omcer. 
The telephone officer. 
The battalion agents.' 
The necessary orderhes. 

1 Or with the artillery oommander of this Infantry unit in the case of a group to 
counterbattery artillery. 
« If he deems advisable, he may take one or several battalion commanders. 
» If the reconnaissance is by automobile, the agents remain at the command posr. 
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As soon as he has selected positions for the battalions, the routes 
of access, and his command post, the regimental commander sum- 
mons his battalion commanders and gives them the necessary 
instructions. 

He then sends for the detail and its vehicles and makes a brief 
report to the next higher commander on the dispositions made. 

%1S. Upon the arrival of the telephone, topographic, and radio 
materiel, and in accordance with the instructions of the regimental 
commander: 

The radio officer establishes the radio station. 

The reconnaissance officer reconnoiters and establishes the 
regmental command and command observation posts. 

The telephone officer installs the lines connecting the various 
infantry and artillery conmiand poets. 

BY BATTAUON COMMANDERS. 

416. Each battalion commander receives instructions from his 
regimental (group) commander ob to: 

The general situation. 
His mission and zone of action. 
The position. 
Its routes of access. 
The time of opening fire. 

The locality for the battalion observation post and its sector. 
The liaisons uecessarj'. 

The location of the various infantry and artillery command 
posts. 

OBJECT. 

417. The object of the battalion commander's reconnaissance is 
to determine: 

The battery positions. 

The routes of access. 

The battalion observation post and the objectives. 

The battalion command post. 

The telephone and optical liaisons. 
When appropriate, the battalion commander enters into relations 
as soon as possible with the infantry commander whom he has to 
support. 
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SUBDIVISION OF THE RECONNAISSANCE PARTIEa 

418. First party. 

Battalion commander. 

Reconnaissance officer. 

Telephone officer. 

Scouts and battery agents. 

Instrument noncommissioned officer. 
Second party. 

Bat tery commanders . * 

The commander of the combined combat trains. 

The battery details.^ 
Third party. 

Radio officer. 

Surgeon. 

Battalion and battery telephone details. 

Transportation of telephones and topographic materiel. 
Depending on circumstances and the instructions of the battalion 
commanderj the third party marches with the first party or slightly 
in rear, or with the second party . (In tractor artilleiy , the telephone 
officer usually marches with the third party.) 

EXECUTION. 

410. As soon as he has received his instructions from the regi- 
mental (group) commander, the battalion commander starts on his 
reconnaissance with the first party. Before leaving, he gives the 
necessary orders covermg: 

The timely arrival of the second and third parties. 
The continuation of the march of the column, its route and 
the method of marking it, the limit of advance of the 
column, the point where it will receive new orders, the post 
of the ammunition section or combat trains. 
420. On arriving in the vicinity of the position, the battalion 
commander halts the party under cover. He then makes a recon- 
naissance, with only the personnel absolutely necessary, including: 

1 If one of the battery commanders is left in command of the column, his place is 
taken by the senior lieutenant. 

2 The battery reconnaissance instruments and materiel are disposed as directed by 
tho battery commander. 
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The selection of battery positions.* 

The study of routes of access, their defilade, and work neces- 
sary on them. 
The selection of an observation post, the reconnaissance of 
objectives, and if necessary the area for the battery observa- 
tion posts. 
The selection of the command post. 
421. After this reconnaissance, the battalion commander gives the 
necessary orders to bring up the second and third parties and the 
column. 

He then reconnoiters a position for the trains and decides on the 
location of the telephone lines. 

He renders a report to the r^mental (group) commander as to 
the dispositions made and the approximate time of opening fire. 

4SS. Duties of the reeonnaissance officer.— The reconnaich 
lance officer makes the necessary determinations in r^ard to the 
battery positions. 

He accompanies the battalion commander when the latter selects 
his observation post, and locates it accurately on the map. He 
determines an origin line and identifies a certain number of known 
points. These are plotted on a rough sketch. 

He then determines for the battalion, or for each of the batteries, 
an orienting line; and also the coordinates of one or more place 
marks which will enable the prompt location of the base pieces. 

Before the batteries go into position, the reconnaissance officer 
furnishes each battery commander in writing such information as 
is immediately necessary, particularly that pertainiog to the estab- 
lishment on the base line, determines their origin lines, and makes 
panoramic sketches for them. 

He then accurately locates the observation posts. 

423. Duties of the telephone officer.— Upon the arrival of the 
third party, the telephone officer supervises the installation of the 
telephone system and the laying of such lines as involve the bat- 
talion telephone equipment. 

424. Duties of the radio officer.— The radio officer causes the 
installation of the radio equipment and supervises the operation 
of the radio station and that at the battalion command post. 

1 When time i<< important, the reconnaissance of positions and routes of access may 
consist simply of general indications, the battaUon commander occupying himself at 
onoe with the selection of an observation post and the reconnaissance of obtectives. 
66778--18 16 DSS^;X:.OOgTe 
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4!35. The surgeon reconnoiters a site for the aid station and 
supervisee its organization. 

BY BATTERY COMMANDERS. 

426. The second party, on arrival, halts where the first party- 
was halted by the battalion commander. 

The battery commanders and the train commander approach the 
battalion commander, who gives them instructions as to the fol- 
lowing: 

The general situation. 

The battery positions and their routes of access. 

The mission of each battery, its field of action, and its base 

point. 
The position of the battalion observation post, and some- 
times the locality for the battery observation posts. 
The time of opening fire. 

The telephone ana optical liaisons to be established. 
The distribution among the batteries of the construction 
necessary (installation of the telephone system, the con- 
struction of the battalion command and observation posts 
and of the aid station, etc.). 
The positions for the trains. 
4!W. Each battery conmiander then: 

Definitely locates the positions for the pieces. 
Carefully reconnoiters the routes of access to the position. 
Selects an observation post. 
He sends the executive officer the necessary instructions for 
occupying the position. 

He arranges for the personnel and tools for the necessary work 
in connection with organizing and constructing the position and 
the observation post, improving the roads, and clearing the field 
of fire. 

He then locates his command post and the dugouts, arranges 
ior the installation of such telephone lines as pertain to the battery, 
and takes the necessary steps to insure supply.^ 

t Careful provision should bo made for supplying hot food to the personnel at the 
*)*tt©ry position. This is very necessary, as these men are subjected to severe fatigue 
>Etnd often deprived of sleep. 



Digitized by VjOOQIC 



ARTILLERY FIRING. 227 

If time is important, the battery commander selects an observa- 
tion post at once andproceeds to the preparation of fire. In this 
case, the executive officer puts the battery in position. 

4^ The commander of the trains reconnpiters the position for 
his units, and decides on the routes of supply. He arranges for 
traffic relation. 

429. The reconnaissance is completed as soon as possible by a 
study of the close defense of the position, such as machine-gun 
emplacements and small-arms ammunition supply, as well as the 
necessary measures for the use of them and other available means. 
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PART III. 
OBSERVATIONo 

APPENDIX 7. 
UNILATERAL OBSERVATION. 

430. The adjustment in the case of unilateral observation consists 
of the following: 

(a) Bringing the shot on the observing line, either by firing or by- 
appropriate changes of data. 
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m Trial fire. 

(c) Improvement fire. 

During (a) and (b), the shots must be maintained in the general 
case, on or near tne observing line, by compensating changes in 
deflection and elevation. • 








Fig. 54. 



FiQ. 55. 



431. Preliminary operations.— Plot the base piece P (fig. 53), 
observation post O, and adjusting point B. 
Draw the line OB and PB. 
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On the line PB, lay off B6i and B62 each equal to a half fork. 
At 61 and 60 erect perpendiculars to PB. These intersect OB at 
6^and6^- 



Let o) be the angle 61O62, and (p the angle b\Fb\ 




Fig. 56. 

4> is called the latc^ral fork, and is the deflection change necessary 
to keep the shot on the observing line when the range is changed by 
one fork. 
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TRIAL FIRE. 

432. Bringing the shot on the observing line and trial fire axe 
executed in a manner which depends on whether the observer dis- 
placement is less or greater than 300 mils (pars. 96 and 105). 

433. First ease.— Observer displacement less than 300 mils 

(fig. 54). 

Fire two shots with the determined data. The center of these 
shots will not in general be on the observing line. Measure the 
angular deviation af=KiOB. 

To bring the center on the observing line, a deflection change 
of KjPK'' is necessary. An approximate value of this change is 

ccX- 

~ being calculated in advance.^ 

If this change does not bring the center of the next two shots 
on the observing line, the new center is treated in the same manner 
as the first one Kj. Let K be the first shot sensed oh the observing 
line. 

434. Trial fire is then executed, using elevation boimds of one 
forkF. 

1 When the observation post is not too close to the objective,— can be determined 
by the following approximate method (fig. 55): 

Tan^— gp, approximately 

Tan«-^ 
4> 6yOB 

o=6co8i 

,^ , ^ OB 
Therefore^-pg^^ 

j^ Distance OB 

^"^ « " Projection of PB ^^^Q^y GoOglc 



ABTILLEBY PUtlNG. 288 

For each bound of one fork it is necessary to change the deflection 
by one lateral fork. The fire is continued until a verified bracket 
of one fork has been obtained. 

435. Second case. — Observer displacement greater than 
300 mils (fig. 56). 

Fire two shots "with the determined data. The center of these 
shots Ki will not in general be on the observing line. Measure the 
angidar deviation /3=KiOB. 

To brinfl; the center on the observing line, an elevation change 
corresponfing to K1K2 is necessary. An approximate value of 

K1K2 is iSX^- 

F 

— is calculated in advance.^ 

00 

If this change does not bring the center of the next two shots on 
the observing line, the new center is treated in the same manner 
as. the first one. Let K be tiie first shot sensed on the observing 
line. 

486. It is possible that the changes thus determined will be 

found uniformly too large or too small. 

In this case, it is concluded that there is an error in deflection. 

•pi 

The elevation changes determined by jSX — will be too large when 

the line of fire passes between the objective and the observation 
post* (fig. 58). 

F 
1 For the true value of a is then greater than the value used in computing — • 

* fi and CD should be taken in the same angular unil. 

Tlie following is an approximate method of determining— ,w being measured in 

mils and F in meters (lig. 57): 

o=» F sin i 

F- " 



1,000 o 
"""OB- 



OB OB. OB 



o) l,000sint 1,OOO^OK C^nir^n]^^ 

Or— OB in km. X the ratio to the distance of O from PB. ^ 
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The changes will be too small when the line of fire passes on the 
opposite side of the objective from the observation post. 

In this case, the deflection should be modified to correct for this 
discrepancy, according to the principles of paragraph 433. 




Fig. 57. 

437. As soon as the shots have been brought onto the observing 
line, trial fire is executed, using elevation bounds of one fork, F. 

For each change in elevation, a corresponding deflection bound 
should be made, ecjual to one lateral fork.' 

The adjutment is continued until a verified bracket of one forks 
is obtained. 

1 1[ the lateral finrk exceeds 16 mils, the elevation bound should be reduced to keep 
the deflection bound within this value. 
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438. If the deflection is materially in error, bringing the shots on 
the observing line by elevation changes may carry the fire a con- 
siderable distance from the objective. If the latter is close to the 
friendly Hne, the fire may be aangerous. 



B F = B, F, = B. F: 




Fig. 58. 



In this case, depending on the reliability of the initial deflection 
determination, it is advisable to bring the first shots on the observing 
line by deflection instead of elevation changes-DigtizedbyL^OOQle 
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IMPROVfeaMENT FIRE. 



439. The bracket of one fork having been obtained, as previously 
described, the objective is very probably in the zone of dispersion 
of the midrange of the bracket. The shots establishing the lunits of 
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the bracket, being; on the observing line, will have different deflec- 
tions, thus establishing a deflection as well as a range bracket. 
Improvement fire should be at the middle of both the range and 
deflection brackets. 

The deflection thus obtained should be nearly correct. For this 
reason, for an observer on the ri^ht (left) of the line of ^ley all shots 
to the riffht (left) of the observing line are taken as over, and all 
shots to tne left (right) are taken as short. 

The adjusted elevation is determined in the usual manner (par. 
219) . Tms principle is also applicable to the deflection adjustment. 

440. Much information in regard to the deflection adjustment can 
be derived from a record of the deflection changes during trial fire 
and improvement fire. 

It should be remembered that a shot on the observing line sensed 
over against the objective is to the left (right) of the objective from 
the position of the piece, when the observer is to the right (left) of 
the line of fire. A shot on the observing line sensed short against 
the objective is to the right (left) of the objective from the position 
of the piece, when the observer is to the right (left) of the line of fire. 

441. If the objective has width, as viewed by the observer, shots 
in the observing sector can be observed for range even though not on 
the observing line. They can also be used in the deflection adjust- 
ment as follows (fig. 59): 

Let MM'' be an objective whose adjusting point is B. 
Let K be a shot fired with the deflection a, sensed over and a left 
ofB. 

A deflection change of aX— would bring the shot to K^, which 

CO 

would be to the right of the objective from the position of the piece. 
The shot K^ need not actually be fired, but the deflection for it should 
be noted as being to the right of the objective. This deflection 
should be the one to which the lateral fork is applied when the eleva- 
tion is changed by one fork. The shots at the new elevation should 
then be on the observing line. 

This also applies to shots which are sensed, even though they are 
out of the observing sector. 
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BILATERAL OBSERVATION. 

442. Bilaterial observation consists in the measurement of the 
angular deviations of the bursts, either air or graze, with respect to 
an adjusting point, by two lateral observers. These deviations are 
transmitted to the battery, and serve as a basis for calculating the 
deviations in range and deflection. 
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Fig. 60. 
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Bilateral observation may be by : 
(a) Graphical method. 
(6) Index method. 

443. Graphical method.— The base piece P (fig. 60), the adjust- 
ing point B, and the two observation posts D and G are plotted on 
the map. Draw the lines BD and BG. 

Starting at BD, lay off lines radiating from D at intervals of. 10 
mils and extending say 500 meters in both directions from B. 

Construct a similar scale with respect to GB. 

This construction may be on a separate sheet to a large scale, the 
lines GB, PB, and DB being transferred by means of the map squares. 

This chart enables the position of a shot to be plotted at once by 
means of the observations sent in by the two observers. 

The fire is conducted by the usual methods (pars. 215 and 219 or 
228). Range and deflection scales on the chart with respect to the 
piece will facilitate reading the changes necessary. 

444. The accuracy of plotting the bursts may be increased by 
using three observers. The intersection of the three observations 
•on a Durst forms a triangle of error, which gives an idea of the relia- 
bility of the observations. 

The observers may refer their measurements to anjr origin lines 
instead of to an adjustingpoint. In this case the origin lines must 
be accurately plotted. The chart for plotting shots is then con- 
structed on them. 

INDEX METHOD. 

445. Range adjustment.— A right (left) deviation for the right 

(left) observer is taken as positive (+). A left (right) deviation for 
the ri^ht (left) observer is negative (— ). In other words, the 
deviation is positive when it is the same as the position of the 
observer, ana negative when it is opposite to the position of the 
observer. 

The algebraic sum of the two reported deviations is called the 
index of the shot. 

A positive index means that the shot is over; a negative index, 
that it is short. A zero index means that the burst is at the range of 
the adjusting point. 

446. Deflection adjustment.— The following is an approximate 
rule: From the deviation reported by the right (left) observer sub- 
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tract algebraically the deviation reported by the left (right) observier, 
when the materiel is such that an increase of deflection carries the 
shot to the left (right). Add one-half of this difference to the 
deflection. 

Examples.— The 75: 

(a) Right observer reports: Right 20, right 20. 

Left observer reports: Right 10, right 10. 



M' 




Fig. 61. 



The shots are over, since 20+( — 10) = +10. 
should be 

howing that the shots were to the right. 

(6) Kight observer reports: Right 10, right 10. 
Left observer reports: Left 4, left 4. 



The deflection change 
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The shots are over, since 10+(H-4)=+14. The deflection change 
should be 

10~(+4) , ^ 

showing that the shots were to the right. 

447. Method of fire. — ^A bracket adjustment is obtained and 
zone fire for effect used (pars. 229 and 257). 

The size of the bracket sought decreases with the accuracy of the 
observations, the proximity of the observers to the objective, and 
the distance, between the observers. The observers should l>e aa 
nearly symmetrically placed with respect to the line of fire aa pos- 
sible.- 

The bracket is always verified (par. 215). 

448. Significance of the index. — Draw MM'' perpendicular to 
the line of fire at the objective B (fig. 61). Construct a circle passing 
through G, B, and D. The rule stated in praagraph 446 is based on 
the following: 

Points outaide of the circumference have a positive index, aa can 
be seen from the figure, and are taken as over. 

Points inside of the circumference have a negative index and are 
taken as short. 

Points on the circumference have a zero index and are taken aa 
at the range of the objective. 

The rule stated for practical use will be in error then for points 
which are between the circumfeience and the line MM^. It is 
evident that such errors will occur less frequently when the two 
observers are symmetrically placed with respect to the line of fire, 
than when they are widely separated. 

449. Deflection deviations. — ^The rule stated in paragraph 446 
is strictly correct only when the observers are symmetrically placed 
with respect to the line of fire. 

Construct a circle (fig. 62) passing through G, B, and D. Let K 
be the point of burst. Suppose the piece to be on the circum- 
ference. 

Barring a serious error in deflection determination, the line PK 
will be near PB, and the point M will be near the middle of the arc 

66778*'— 18 16 
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GBD. It may be assumed then, "without serious error, that the 
deflection change necessary, BPK, is 



BPrf+BPy 
2 
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This is the same as the change called for by the rule vrhich is 

BDd-i-BGg) 
2 

by the principle of inscribed angles. 

For a position of the piece, Pi, outside of the circumference, it 
is necessary to multiply the deflection change found by the rule by 
the ratio 

BP 

BPi' 

450. The symmetry of the two observation posts with respect to 
the line of fire is not indispensable to the use of bilateral observation 
without maps, but it is of material advantage in reducing the depth 
to be covered in fire for effect. This condition does not enter into 
firing by Using the map. 
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PART IV. 
PREPARATION OF FIRE. 

APPENDIX 9. 

ADVANTAGE OP AN ORIENTING LINE. 

451. Formerly the indirect fire of a piece P on an objective O was 
accomplished as follows: The range was measured directly on the 
map or determined topographically. In laying for direction a 
known aiming point was Msea. The sight was set so that when the 




Fia.63. 

plane of sight was directed on the aiming point, the piece was 
directed at the objective (or the base point). 

The firing angle in this case (par. 142) was measured with the pro- 
tractor after plotting the points O, P, and R by their coordinates. 

452. This method does not give sufficient accuracy in deflection 
for the present conditions. The direction of PC can usually be 
determined with sufficient accuracy, because O is ordinarily quite 
distant. But this is not generally true in regard to PR. 

To be visible from the piece, R is usually close. Moreover P and 
R are not often known beforehand and must be located at the time. 
This frequently involves difficult and protracted topographical 
operations, sometimes quite distant horn the battery. 

245 
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Practically, the plotted direction PR is usually materially in 
error, 1 and tiie deflection is correspondingly in error. 

453. The necessary accurac]^ in laying for direction can readily 
be obtained if, instead of locating the points P and R, the direction 
PR is directly deteriained by means of instruments which are sup- 
plied to Artillery units. ^ 

If PR is taken through the sight of the piece, it is necessary that 
the piece be in position before the determination of PK, or that the 





FlQ. 64. 

position of the sight be accurately marked and later occupied bJJ 
the piece . The preparation of fire can not usually await the arrival o^ 
the Dattery, but should begin as early as possible during the recon- 
naissance. 

1 An error of 20 meters in the location of P and R is not unusual. Such errors 
result from errors in the location of the points by which P and R are located, of errors 
in the operations performed, and graphical errors. If the errors in Fand R are in 
opposite directions, the error in the direction PR will be 100 mils if the distanoe PR 
is 400 meters; 40 mils if PR is 1,000 meters, and 20 mils if PR is 2,000 meters. A 
rapid preparation of fire without previous organization will involve even more 
considerable errors when this method is used; so that recourse should be had to other 
methods. 

> It may be taken that the error of initial deflection determination should not 
exceed: 

10 mils for light guns and for howitzers. 
5 mils for heavy guns. 
2 mils for high-power guns. 
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454. It is better not to use PR in laying for direction, but instead 
to select a line merely passing conveniently near the piece, and no 
through it. 

The direction of this line, the orienting line, is directly deter- 
mined, and plotted as a direction, not for position. The line PO 
is determined, as previously, by the position of the points P and O. 

Laying for direction is effected by setting an instrument, I 
(fig. 64^, at any convenient point on the orienting line, XY. The 
of the instrument is pointed in the direction ICX parallel to PO, 
as described in paragraph 147. The piece is then laid in the direc- 
tion PO by reciprocal laying (par. 148). 

455. The use of the orienting line as herein contemplated has 
other advantages than the saving of time in the accurate preparation 
of fire. 

It is a general method, and is particularly applicable to the not 
infrequent case where a distant aiming point can not be used. 

The orienting line is permanent, and still utilizable when for any 
reason the pieces are moved for short distances.^ 

The determination of the orienting line is facilitated }yy its being 
independent of the pieces. If a declinated instrument is used in 
its determination, it may be set up at points not near masses of iron. 
Several points can be used to check results and eliminate errors due 
to local attraction. 

The orienting line can readily be common to two or more batteries, 
or even several battalions, and the advantages of a regular sheaf 
within a battery can thus be extended to many pieces. 
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MAPS AND BATTLE MAPS. 

456. The scale of a map is the ratio of a given distance on the map 
to the corresponding horizontal distance on the ground. 
The scale of the various maps is as follows: 
1/20000:1 mm.=20 meters; 5 cm.=l km. 
1/10000:1 mm.=10 meters; 10 cm.=l km. 
1/5000 :lmm.= 5 meters; 20 cm. =1 km. 
1/40000:1 mm.=40 meters; 25 mm.=«=l km. 
1/80000:1 mm.=80 meters; 12 mm. 5=1 km. 



North Pole 




Fig. 65. 

457, Battle maps (par. 116). — The colors used on hattle maps are: 

Black or gray. — Details of the terrain, such as water courses, 
roads, cultivation, buildings. 

Brown. — The form of the terrain, by contoiu^ at 5 or 10 meters 
vertical interval. 

Blue. — Enemy works. 

Bed. — Friendly works, or simply the line of the front. 

248 t I 
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iSS. Geograpliie . coordinates.— The meridian plane of a 

point, M, is the plane containing the axis of the earth and the 
point M. 

The meridian of a point, M (fig. 65), is the intersection of its 
meridian plane and the earth's surface. 

The true or geograpliic nortli is along the meridian. 

A point on the earth's surface is defined by its geographic co- 
ordinates, longtiude and latitude. 




Fig. 66. 



The longitude of a point is the angle formed by its meridian 
plane with the prime meridian plane taken as the origin of longitude. 
In France the prime meridian plane is that of Paris. Longitude is 
reckoned from to 200 grades, east and west. 

The latitude of a point is the angle made by the normal to the 
surface at this point with the plane of the Equator. Latitude is 
reckoned from at the equator to 100 grades, north and south. 

459. Map squares and coordinates.— All maps u^ed in firing 
are provided with kilometer squares, called Lambert squares^ which 
are numbered on the margin (and sometimes at the intersections). 

A point is defined by its x and y coordinates, which are the dis- 
tances of the point from the X and Y axes, respectively, of the map. 

The abscissae X increase from left to right, ^g,^^, .^ (^oogle 
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The ordinates Y increase from bottom to top. 

The Lambert, or Y-north, is the direction of the vertical lines of 
the map squares, from bottom to top, using the Lambert system of 
projection. 

460. Numerical designation of objectives. — A point on the 
map may be designated by a number of four or six figures. The first 
two or three figures give the abscissa to the nearest hectometer, and 
the last two or three the ordinate. 

Thus, the complete coordinates of the point shown in figure 66 are: 

a:=362.630 
2/=231. 880 

The numerical designation of this point would be 26.19, or 626.319 
(hectometric coordinates). 

' This method is used only for the designation of objectives. To 
accurately define the position of the point the complete coordinates 
are used, thus: 

a;=362.630 

y=231.880. 

461. Convergence of tlie meridians.— In the Lambert system 
the meridians are represented by straight lines converging toward 
the north. As a result, the geographic north and the Lambert 
north, or Y-line, do not coincide.^ 

The angle between these two directions is called the convergence 
of tlie meridians. Its value for a point whose longitude is M, east 
of Paris, is given by the following expressions: 

In decigrades: 7.6 X(M-6). 
In mils: 12.16X(M-6). 

If M is greater than 6, the Y-line is east of the meridian. If M is 
less than 6, the Y-line is west of the meridian. 

4S!2. Y-azimutli.— The Y-azimuth of a line OM is the angle 
between it and the Y-line, measured from the north clockwise from 
to 6,400 mils, or to 4,000 decigrades. 

463. Magnetic nortii— Declination.— A magnetic needle oscil- 
lating freely points toward the magnetic north. 

1 Except for the meridian 6 grades east, which coincides with the Y-line for which 
x=- 500,000 m. / ^^^1^ 
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The declination is the angular amount the magnetic north deviates 
from the true north (fig. 67) The Y-declination is the angular 
amount the magnetic north deviates from the Y-line. 

The declination varies continually. At present, in France, it is 
west. 

The declination charts give fairly accurate values of the declina- 
tion. 



Magnetic 
North 

Y Declination 
Declination 




True North 
Convergence 



Fig. 67. 

For points west of the meridian 6 grades east, the situation is as 
shown in figure 67. 

TrUneulatlon system.— This is a network of points, easily 
identified on the ground, and whose position is accurately known. 
Some are artificial or natural markers visible from a distance (steeples, 
smokestacks, trees, etc.). Others are simply stakes marking the 
points of a traverse. 

The triangulation system also has decUnating points (points de 
declinaison). A declinating point is one through which several 
known lines pass; that is, fines which are materialized on the 
ground and whose Y-azimuth is knowb. 
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APPENDIX 11. 
TOPOGRAPHICAL METHODS. 

464. The preparation of fire and the organization of ohservation 
involve the following topo^phical operations: 

(a) Determination of a line. 

(h) Location of a point. 

(c) Determination of the altitude of a point. 

DETERMINATION OF A LINE. 

465. Using a declina^'ed instrument.— This is described in 
connection with the use of such instrun^ents (par. 126, et seq.). 

466. Using an undeclinated instrument (such as the observa- 
tion telescope, aiming circle, or theodolite). 
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Paragraphs 127 and Appendix 12 describe the orientation of an 
instrument at an orienting point. 

When an orienting point is not available, any known line US 
(par. 127) may be used, by setting up over any point U of this line 
and orienting the instrument by means of the known Y-azimuth 
of the line (fig. 68}. 

Any unknown Ime XJV may then be determined. 

This process is continued until the desired line is reached and 
determined. 

This process is called an angle traverse (cheminement d*angles), 
and gives good results under the following conditions: 

The courses, staked out in advance, should be as few and as 
long: as possible, never less than 100 meters. 

The instrument should be set up over the line in all cases to 
within 2 or 3 centimeters. 

The error should then be less than: 

5 mils, for a traverse of 2 or 3 courses with the plane table. 

5 mils for one of 3 or 4 courses with the aiming circle or observa- 
tion telescope. 

2 mils for one of 5 courses with the Jobin theodolite. 

With a given instrument, the error in determining a line increases 
with the number of courses. Above a certain number of courses, 
the error of the determination is greater than that with a declinated 
instrument. In such a case the latter method should be used.^ 

467. Determination of a Une by two known points.— When 
a declinating point (par. 463) is not available for declinating the 
instrument or for beginning an angle traverse, two known points 
may be used. The line between these points is determined graph- 
ically or by calculation. The points used should be accurately 
known and sufficiently separated. 

It is preferable to use points of the triangulation system^ other- 
wise distinct points on the battle map, such as a steeple, an isolated 
building or tree, a road crossing, or exceptionally the comer of a 
wood. 

If the determination is to be used in the preparation of fire, the 
distance between the points should be comparable to the ranges 

1 For the plane table or aiming circle, the number of courses should not exceed 2; 
for the theodolite, 4. 
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involved, and to the distances of observation if an observation 
post is involved. 

468. Graphically. — ^To determine a line graphically, plot the 
two points accurately with the double decimeter (not with the 
zinc square or window of the protractor), join the plotted points, 
and measure the Y-azimuth with the most accurate protractor 
available. 

By caleiilation. — If x, y and x\ y^ are the coordinates of the 
two known points, and v the angle between the line joining the 
points and the X-axis of the map, 

x^—x 
tan v=^—, — 

V is determined by means of tables of logarithmic or natural 
trigonometric functions. The Y-azimuth of the line for the point 
occupied is most easily found by inspection, v being modified by 
an appropriate number of quadraiits (par. 116). 

4€9. By astronomleal observations. — The determination of a 
line bv astronomical observations requires a theodohte. The 
methods are described in The Artillery Beeonnaissance Officer. 

LOCATION OF A POINT WITH A DECLINATED PLANE TABLE. 

470. The plane table may be covered with a squared sheet of 
drawing paper, in which case the points used in the work are from 
the trisuigulEition system or the battle map, plotted by their coordi- 
nates. Or a battle map may be mounted on the plane table and the 
known points on the map itself used. 

To locate an imknown point on the plane table, the following 
methods are available: 
Intersection 1 

Three-point Requiring sights for direction only. 
Resection J 

Direction and distancel Requiring distance measurements 
Traversing / also. 

471. Interseccion (intersection) consists in sighting on the un- 
known point X from at least two known points A, B, C, etc. 

The inane table having been decUnated, set it up at A (fig. 69) and 
orient it. Draw AX. Perform mmilar operations at B, C, etc. 
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The lines AX, BX, etc., will in ^neral not intersect in the same 
point. The center of the various intersections should be used. 

The method is more accurate when the sights are short, and the 
intersections approximately at right angles. Intersections at acute 
angles (less than about 30^) should be avoided. 

i^^m Three-point. — The location of an unknown point X by the 
three-point method consists in sighting on at least three knowif 
points A, B, C, etc., from X. 




Fig. 69. 

The declinated plane table is set up at X and oriented. Sight on 
the known points and draw the corresponding lines from the known 
points. 

The common intersection of these lines is the point X. As with 
the method by intersection, short sights and nearly perpendicular 
intersections are desirable. If the thr^ known points and the un- 
known point are nearly on the same circumference, the method 
should not be used. 
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473. If the known points are distant (farther on paper than the 
actual length of the needle), or if the plane table is not accurately 
oriented, the method must be modined by including operations 
which will not only locate the unknown point, but also insure the 
orientation of the plane table. Such a procedure is called the 
unoriented three-point method (rel^vement non orient^), and 
is described in The Artillery Reconnaissance Officer. 

474. Resection (recoupement). — ^This method consists in locating 
an unknown point, which is on a known Hne, by sighting on at least 
two known points from the unknown point. The known line may 
be a sight from a known point, or a Kne shown on the map. 

Set up the plane table over the unknown point X, orient it by the 
declinator, and sight on the known points A, B, etc., drawii^ the 
corresponding lines from the known points. The center of the inter- 
sections with the known hne is the desired location. 

475. Direction and distance. — ^This method consists in locating 
an unknown point X from a known point A, by determining the 
direction and distance of X from A. 

The method may be used directly (rayonnement direct) or 
inversely (rayonnement inverse). 

Directly.— <)rient the plane table at A, si^ht on X, draw the cor- 
responding hne through A and lay off the distance AX from A. 

Inversely. — Orient the plane table at X, sight on A, draw the cor- 
responding Kne throu^ A, and lay off the distance AX from A. 

476. Traversine;. — This method consists in determining a series 
of hues joined end to end by successive applications of the method 
of direction and distance, starting from a known point A. The 
determination of each of the lines constitutes a course, and the 
ends of the lines are the points of the traverse. 

With a declinated plane table, only every other point of the 
traverse need be occupied. Let the points be numbered suc- 
cessively 1, 2, 3, etc. 

Set up at A (fig. 70) and locate 1 directly by direction and dis- 
tance. Then set up at 2, which is located inverselv by direction 
and distance. From the same station locate 3 directly bv the same 
method . Then set up at 4 and continue the same metnods. 

The traverse is made to pass through the unknown point X, but 
should continue past it to another known point Fj. The discrep- 
ancy between the location Fi by the traverse and the true position 
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F is called the error of closure and gives an idea of the accuracy of 
the traverse. 

If the error of closure is not excessive, it may be distributed among^ 
the various points in proportion to their distances from the origin A. 
The point X^ will be relocated at X so that 

XXj^AX 
FFi AF* 

If the error of closure is excessive, the traverse should be repeated 
in the opposite direction. 

^ ©o €> 



/x 
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477. To reduce graphical errors, the traverse may 
be made to a large scale (1/5000 or 1/2000). The 
traverse may be begun at a comer of a square so ^^ 
selected as to permit the traverse to extend entirely ** 
across the plane table. The coordinates of the un- 
known point may then be deduced from its position 
with respect to tne known point A as found dv the traverse. 

478, A traverse should be as direct or rectilinear as possible. 

If, for example, the point 6 (fig. 71) can be seen from the initial 
known point A, Gehould be used as a station and a sight taken on 
it from A. The intermediate stations 1, 2, 3, etc., will then be 
needed only in comiection with stadia measurements of distance and 
slope if necessary. The plane table need not, in this case, be care* 
fully set up since it serves only to support the telescope alidade- 
66778'— 18 17 
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This effects a saving of time and increases the accuracy. 

The point 6 is plotted by its direction as established from A and by 
the total distance as detennined from the traverse. 

479. Traversing by back si^ht and fore sight.— When the 
plane table is not declinated, or is imperfectly declinated, or when 
ocal attraction is feared, all of the stations of the traverse must be 
occupied. The plane table is oriented at the known point by sight- 
ing on other known points. The first station is then located by direc- 

A o - A o A o 



Fig. 71. 



' 8 



tion and distance. Orientation at the second station is by a back 
sight on the initial station . The third station is located by direction 
and distance from the second. The process is continued in this 
maimer. 

The plane table must be set up carefully, with the station on the 
map accurately over the stake on the ground . Short courses must be 
avoided. 

LOCATION OF A POINT WITH A DECLINATED THEODOLITE OR AIMING 

CIRCLE. 

480. The declinated theodolite or aiming circle may be used for 
the operations previously described (pars. 470 to 479) for the plane 
table. 

The observations and measurements are recorded, and the results 
are determined afterwards graphically or by calculation. . 

481. Operations on tlie ground.— At each station the instru- 
ment is oriented by the declinator. The reading for direction is then 
the Y-azimuth. 

The bbservations, azimuths, distances, and slopes if needed are 
recorded, preferably in diagrammatic form. 

483. Grapliical solution of tlie worlc.— This work is generally 
done on a drawing board, with the protractor and the rule or double 
decimeter. The constructions incident to the methods of intersec- 
tion, three-point, resection, direction and distai^Q^^| traversing 
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are entirely similar to those made on the ground when the plane 
table is used. 

Calculation. Calculation of the results is not ordinarily employed 
for work with a declinated instrument. The methods are described 
in The Artillery Reeonnalssanee Offieer. 

483. When the Y-declination is riot known, the same methods 
may be used, but it is necessary, either during the work or afterwards, 
to sight on a known line. A comparison of the reading of the known 
line and its Y-azimuth will give a constant by which the directions 
recorded during the work may be converted into Y-azimuths. 

LOCATION OF A POINT WITH AN UNDECUNATED GONIOMETER. 

(Observation telescope theodolite without a declinator, or aiming circle or compass 
theodolite in a region subject to magnetic disturbances.) 

484. The operations in this case, like those of paragraphs 480, 
et seq., consist of measurements on tne ground, which are afterwards 
resolved either graphically or by calculation. 

485. Intersection (par. 471). — Set up at a known point A with 
the of the instrument in any direction. Sigjit on the unknown 
point X, using the upper motion, and also on two or three known 
points as distant as possible. Note the readings for these sights. 
A comparison of these readings with the Y-azimuths of the known 
lines read will give a constant by which the Y-azimuth of the line 
AX may be deduced and plotted from A. 

A similar operation is effected at the other known points B, C, 
etc. 

486. Three-poibt (par. 472).— Set up at the unknown point X 
and sight on four or more known points, using the upper motion. 
Note the readings. The points selected should be as close b^ possible . 

Lay off these readings from a point on a separate piece of tracing 
paper. Place this on the map or other i)lot of the known points and 
move it about imtil the lines representing the sights taken all pass 
through the known points visible through the tracing paper. Irick 
through the point on the tracing paper. This is the location of the 
unknown pomt. 

This method is the simplest solution of the three-point problem, 
and also the least accurate. Other metliods are explained in The 
Artillery Reconnaissance Officer. 
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487. Reseetlon (par. 474). — Set up at a known point A and read 
the unknown point X, as well as two or three known points as dis- 
tant as possible, using the upper motion. 

Then set up at X, and in tne same manner read A and two or three 
known points as close as possible. 

Plot the line AX in the same manner as for intersection (par. 485). 
Determine the Y-azimuth of AX from the readings at A. The 
Y-azimuths of the readings of the known points taken at X can then 
be determined from the Y-azimuth of AX. The sights from X on 
the known jwints can then be plotted from the latter points by- 
means of their Y-azimuths. 

488. Direction and distance (par. 475).— The direction of the 
unknown point X is determined and plotted from a Imown point A 
in the same manner as for intersection (par. 485). The distance 
AX is measured directly and laid off from A. 

489. Traversing (pars. 476 to 479).— The method by fore sight 
and back sight is used, it being necessary^ to occupy all of the stations. 

Set up at a known point A and sight in succession on two or three 
known points as distant as possible and also on the first station 1, 
using the upper motion. Increase the reading on 1 by 2C0 grades, 
or 3,200 mils. 

Set up at 1. Set off this reading on the instrument and, using the 
|;eneral motion, back sight on A. The of the instrument is then 
in the same direction as at A. Then sight on the second station 2. 
Increase the reading by a semicircle as before and proceed to the 
next station. The process is thus continued. 

In constructing the traverse, the Y-azimuths of the known lines 
read at A afford a means of deducing a constant by which all readings 
for direction can be converted to Y-azimuths, since the of the instru- 
ment had the same Y-azimuth throughout the operations. A large 
scale of, say, 1/2000 should preferably be used. 

490. When a theodolite is used in connection with known points 
of the triangulation system in applying these methods, the observa- 
tions are best resolved by calculation. The methods are described 
in Tlie Artillery Reconnaissance Officer. 

DETERMINATION OF THE ALTITUDE OF A POINT. 

491. The altitude of a point can usually be read directly from the 
map by means of the contours. If there is no contoured map, or if 
there is reason to question the accuracy of the contours available, a 
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leveling operation is necessary, based on a point of known altitude. 
The method^ used may be: 

Measurement at the point of unknown altitude X of the 

angular elevation of known points A, B. etc. 
Measurement at known points of the angular elevation of the 

unknown point. 
Traverse from a known point, with measurement of slopes, 

closing on another known point. 
When haste is necessary, by barometer. 
Whatever method is used, the points involved should be as close 
together as possible. 

493« Known pjoints may be bench marks or any other map details 
whose altitude is accurately shown on the map. The altitude of 

glints along a water course can be arrived at sufficiently accurately 
om bench marks along the banks at intervals as great as several 
kilometers. 

493. Leveling: by measuring the slope. — ^The difference in 
level between two points can be found from their angular difference 
in level and the horizontal distance between them. 

Let H be the altitude of the ground at the point occupied. 
H'' the altitude of the ground at the point sighted upon. 
h the height of instrument at the point occupied. 
h^ the height above the ground of the point sighted upon. 
i the angular difference in level. 

D the horizontal distance between the two points. 
The points should not be more than 4 kilometers apart, on account 
of refraction. When the point of known altitude is occupied, the 
unknown altitude may be found from 

H^=H+D tan i+(A-AO 

When the point of unknown altitude is occupied, 

H=H^-D tan {^{h-h'). 

494. Calculation of B tan L— With the telescope alidada, the 
slide rule of the alidade may be used. Direct calculation with 
nattuul or logarithmic tangents may also be used. 

When i is not too large, i may be substituted for its tangent. 
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When i is in mils and D in kilometers, 

D tan i=D i, or, more accurately, .982 XDX*. 
When t is in grades and D in kilometers, 

D tani=15.7XDXi. 

When i is in degrees and D in kilometers, 

D tani=17.4XDXt. 

495, Leveling by barometer. — If h^-h^ is the difference in baro- 
metric pressure at two points, the difference in level between the 
two points in meters is 

where A; is a coefficient which varies with the mean barometer and 
the mean temperature of the two points. 
The following table gives the values of h for the various values of 

the mean temperature — g-^and mean barometer — -n-^ \ ■ 

VALUE OF K. 



Mean barometer. 


Mean temperature— C. 


-10*" 


O** 


10" 


20" 


30" 


780 


9.87 
10.00 
10.13 
10.26 
10.40 
10.54 
10.69 
10.84 
11.00 
11.16 
11.32 
11.49 
11.67 


10.24 
10.38 
10.52 
10.66 
10.80 
10.95 
11.10 
11.25 
11.41 
11.58 
11.75 
11.93 
12.11 


10.62 
10.76 
10.90 
11.04 
11.19 
11.35 
11.51 
11.67 
H.84 
12.01 
12.18 
12.36 
12.55 


10.99 
11.14 
11.29 
11.44 
11.59 
11.75 
11.91 
12.08 
12.25 
12.43 
12.61 
12.80 
13.00 


11.37 


770 


11.52 


760 


11.67 


750 


11.83 


740 


11.99 


730 


12.16 


720 


12.33 


710 


12.50 


700 


12.67 


690 


12.85 


680 


13 04 


670 


13 24 


660 


13 44 
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APPENDIX 12. 
INSTRUMENTS. 

496. Firing board (planchette de tir).— This is a drawing board 
of wood or wood and zinc, covered with squared paper. 

The orienting line, baae piece, base points, objectives, datum 
points, witness jwints, observation posts, etc., are plotted on it. 

It is Used for the constructions and measurements incident to the 
preparation of fire. 

A battle map may be used instead of the squared paper. 

497. Protractors (rapporteur). — Protractors are semicircular in 
zinc or celluloid. They are used for measuring or laying off angles. 
The graduations are in mils, decigrades, or E-mils. The accuracy 
of a protractor increases with its size. 

In measuring a firing angle (or base angle), when the protractor 
is graduated in the same direction as the deflection scale of the sight, 
the of the protractor is placed on the desired line of fire (base line). 
The reading is made at the line of sight (orienting line). If the angle 
is greater than a half circle, a half circle must be added to 3ie 
reading of the protractor. 

When the protractor and sight are graduated in opposite directions, 
the of the protractor is placed on 9ie line of sight (orienting line), 
and the reading made at the line of fire (base line), increasedif nec- 
essary by a half circle. 

In measuring the T-azimuth of a line, when the protractor 
is graduated clockwise, the of the protractor is placed on the Y-line, 
and the reading made at the line whose Y-azimuth is desired. The 
reading is increased by a half circle if necessary. 

If the protractor is graduated counterclockwise, the is placed 
on the line whose Y-azimuth is desired, and the reading made on 
the Y-line. The reading is increased by a half circle if necessary. 

498. To draw a line of given Y-azimuth through a point A. — 
Draw a Y-line through A by means of measured offsets from the 
nearest Y-line equal to the offset of A. Deduct a fialf circle from 
Y-azimuth if it is greater than a half circle. 

263 
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If the protractor is graduated clockwise, place its at the Y-line, 
and mark the position of the desired line at the proper graduation. 

If the protractor is graduated counterclockwise, place the given 
reading at the Y-Hne, and mark the desired line at the 0. 

499. Parallax protractor.— This is a protractor of laige radius, 
covering only a small angle. The radii of the graduations are drawn 
full length. They are aJ^ graduated in distance from the center. 

The celluloid form is 85 cm. long. Its distance graduation is to 
the scale of 1/20000. 
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FIG. 72. 

The tracing paper form is used to measure small angles on a lai^ 
scale map, when the center is off tiie map. The map must have a 
radius on it and a point whose length of radius is known. The pro- 
tractor need be only partially unrolled, so as to expose the portion, 
corresponding to the known length of radius. 

The white paper form is 4 meters long and is used to draw angular 
graduations on a map, when the center is off the map. The map is 
laid on the protractor, and a straight edge reaching across the map 
is used to connect the uncovered portions of the radii of the protractor. 
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500. Map square (^querre en zinc). — This equate is of zinc, and 
is graduated to 1/20000. It is used to measure the coordinate of a 
point on the battle map, or plot a point of given coordinates. 

501. To measure the coordinates of a point (par. 459).— To 
measure the coordinates of A (fig. 72), apply the square with the 
horizontal graduated edge along the X-line and extending to the 
left of A, and the vertical graduated edge passing through A. Head 
the fwuitions of a kilometer which must be added to the kilometric 
coordinates. 

503. To plot a point of given coordinates. — Let the given 
coordinates be: 

a;=362.280 
y=231.650. 

Apply the square as before, with the horizontal graduated 
edge along the A-line for which Y=231. Slide the square along 
this line until the eraduation 280 is at the Y-line for which X=362. 
Mark the requirea point at the graduation 650 of the vertical 
graduated ed^. 

503. The zinc decigrade protractor has a window which is the 
same as a map square. 

To plot a point accurately, the double decimeter scale should 
be used, and not the map square or protractor window. 

504. Straight edge (r^gle k dessin). Scale (r^gle gradu^). 
Double decfineter (double d^cim^tre). — These are used to draw 
straight lines and measure distances. The straight edge of the 
protSuitor may be used if it is true. 

PLANE TABLE— TELESCOPE ALIDADE— SLOPE RULE ALIDADE. 

505. The plane table is a device for performing topographical 
operations by direct graphical constructions. 

The plane table is covered with squared paper or a battle map. 
The use of the plane table involves either : 
The telescope alidade and stadia rod, or 
The slope rule alidade and steel wire (or decameter tape). 

506. To set up and level the plane table.— In setting up the 
plane table, it should be placed so that point occupied is directly 
under the corresponding point on the plane table. 
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In leveling with the slope rule alidade, the alidade should be 
placed parallel to two legs of the tripod. These two legs are then 
seated so as to center the bubble of the alidade. The alidade is 
then placed perpendicular to its first position, and the third leg 
movea so as again to center the bubble. These operations are 
repeated until the bubble is centered for all positions of the ali- 
dade. The tripod legs should be clamped before the final verifica- 
tion of the operation. They should be undamped before tiie 
tripod is closed for transport. 

With the telescope ahdade, the operations are the same except 
that but one position of the alidade is necessary, since the level is 
a spherical one. 

If the plane table is not level, the angles constructed are not 
horizontal ones, and the declinator needle will not oscillate freely. 

507. To orient the plane table (par. 117). — Set up the plane 
table over a known point A, from which several other known points 

B, C, etc., can be seen. Let o, 6, c, etc., be the corresponding 
plotted positions of tiiese points. Set the alidade on the hue, say 
abf looeen the plane table, turn it so that the alidade is sighted 
on B, and reclamp it. Verify this orientation hy similarly placing 
the alidade on the lines ac, ad.^ etc., and sighting on the points 

C, D, etc. 

If, due to slight errors in the plotted positions of the points, the 
sights do not give accurate coincidence on all of the points, the 
plane table should be moved slightly so as to reduce the discrep- 
ancies as much as possible. 

508. To dcelinate the plane table. — Having oriented the plane 
table, set the declinator so that the blue point of the needle is 
exactly opposite its index. Clamp the declinator and mark its 
position by a light pencil line around the outside. 

Verify this operation, by reorienting the plane table by means 
of the declinator, and sighting on the known points used for the 
first orientation. This is essential to check the sensitiveness of 
the needle and insure that it is oscillating freely. 

509. The declination of a plane table varies with the particular 
instrument used; in other words, the declinator can not be 
changed without redeclinating the plane table. Always use the 
same edge of the alidade. 

Digitized by VjOOQIC 



ARTILLEEY FIBIHG. 267 

The declination is accurate only in a particular locality. If the 
locality is changed, the declination must be made anew. 

510. If the points of the needle are sharp, both ends may be 
used. Coincidence at both ends is secured if possible; if not, the 
points should be separated from their indices by the same amount. 

511. To determine a-giTen line with the deelinated plane 
table. — Orient the plane table over any point of the line to be 
determined. With the alidade, sight on tne most distant visible 
point of the line. Draw a line the full length of the rule. Pro- 
long the Hne by sUdinff the alidade along the part already drawn 
and sighting £^in on me line. Never use the slide rule of the 
telescope alidade in drawing a sight. 

512» To construct a line passing through a known point 
A. — It is desired to determine the line AX, A being a point plotted 
on the plane table and X an unknown point. 

Orient the plane table at A or X. Sight on the other point, by 
moving the alidade in the desired direction but keeping the edge 
accurately on the plotted position of the known point A. Draw 
the line. 

513. To measure a distance, (a) With the telescoi>e ali- 
dade. — Hold the 2-meter ertadia rod vertically at the point whose 
distance from the station is sought. Bring the right vertical scale 
of the reticule on the stadia rod. 

Set the graduation on the lower mark of the rod and read the 
graduation of the telescope scale at the upper mark of the stadia rod. 

If the slope is small, the distance thus read may be taken as the 
horizontal oistance; if it is considerable, the distance read must 
be reduced to the horizontal. 

When the stadia rod is not all visible when held vertically, it 
may be held horizontally and perpendicular to the line of sight. ^ 
The horizontal scale of the reticule is then used. 

When the distance is less than 25 meters, use the stadia rod 1 
meter long ^ and divide the distance read by 2. 

514. (6) nith the JW)-meter tape. — ^Two men are necessary-. 
The forward man carries a bundle of iron or wooden stakes, and is 

1 This condition is difficult to obtain, and the horizontal rod should not be used, 
unless the vertical position Is not entirely visible even with the rod raised off the 
ground. 

» With the folding stadia rod, a 1-meter base can be had between one mark and the 
bolt which unites the two halves of the rod. 
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lined by the rear man. Each length is marked by a stake. The 
reai: man pulls up the stake as he leaves it in going on. This gives 
a means of counting the lengths. 

In moving forward^ the tape is held taut and not allowed to drag. 

If more accuracy is desired, the measurement can be repeated 
in the opposite direction. The discrepancy should not be more 
than 1/1000 of the distance. When this second measurement is 
not considered necessary, gross errors should be avoided hy pacing 
the distance. This will at least insure detection of an error m count- 
ing the number of lengths. 

915. To measure a slope, (a) With the slope rule alidade.— 
Center the bubble by means of the cams. If the slope is ascending, 
use the lower peep and the right edge of the slit; if descending, the 
ui)per peep and the left edge of the slit. The graduations are 10 
miL but mils can be read by interpolation. 

The middle peep can be used witn the same scales, but the slope 
read should be decreased 200 mils. 

516. (6) With the telescope alidade.— Bring the point measured 
on the grade scale of the reticule. Center the bubble by means of 
its screw. 

Read to 5 grades on the external scale, and the grades and centi- 
grades on the reticule. The total reading, less iSo grades, is the 
slope with its sign. 

In measuring a slope, the point read should be at the height of 
the instrument. 

AIMING CIRCLE (GONIOM6trE-BOUSSOLE), MODEL 1916, MODEL 

1917. 

517. Description. — ^The aiming circle is an instrument used for 
the preparation of fire. There are two models in mils, which differ 
only in a few details. They are designated as the Model 1916 and 
the Model 1917. 

The telescope is a small prismatic one of 4-power^ and a large 
field of view. The Model 1917 has a focussing eyepiece O. The 
telescope and declinator are mounted on the upper motion Q. 

The telescope has a movement in a vertical plane (when the 
instrument is level), which is essentially parallel to the mdex line 
of the needle. It can be leveled independently of the rest of the 
instrument by means of a level V fixed to it. It is actuated by a 
worm U. 
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The reticule has a vertical line for sighting in direction, and a. 
sight graduation from — 100 mils to +100 mils. The axis is at the 
intersection of the vertical line and the of the sight scale. 

In the Model 1916 there is a dotted graduation to the right of the 
vertical line giving the normal height of burst of 3 mils (par. 240). 
In the Model 1917 there is a stadia scale in meters for use with a. 
2-meter stadia rod. 

518. The declinator has a needle release D, by means of which 
the needle can be raised from the pivot for transport. For trans- 
port, the lever should be to the right. 

There is a small prism for magnifying the needle index. In 
the Model 1917 only the needle index is adjustable by means of a 
small screw near the prism support. This permits instruments, 
to be accurately standardized. 

510. The general motion is either rapid, by loosening the clamp 
C, or slow, by the worm S with C tightened. 

The upper motion, carrying the J}elescope and declinator, ia 
either slow, with the worm W engaged, by means of the milled 
head T; or rapid,, by disengaging the worm W, which is eccentrically 
mounted. 

If the worm does not engage under the action of its spring when 
released, do not force it, but turn the milled head T slightly, when 
it will drop into engagement. 

SaO* The tripod consists of three telescoping legs and a sliding 
vertical support, which is clamped by the screw B. 

The aimmg circle is fixed to the tripod by a ball joint R, clamped 
by a screw G . It is leveled by a spherical level H, fixed to the general 
motion. 

With the Model 1916, for accurate work, the vertical support of 
the tripod should not be extended. This is not necessary with the 
Model 1917, which can be fully extended, giving heights from m. 
80 to 1 m. 80. 

521. The graduations are continuous from to 6,400 mils. 
Hundreds of mils are read on the graduation on the general motion 
at the black index X. Units are read on the micrometer at the 
index Y. 

In the Model 1916, this graduation has a double numbering, the 
red figures being for a clockwise graduation and the black figurea 
for a counterclockwise graduation. 
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In the Model 1917, there is only the red numbering, for a clock-, 
wise graduation. 

Since the aiming circle is primarily intended for the 75 gun, a 
special scale is provided which permits an angle to be read directly 
in the units of the sight graduation (plateau and dnun). This is 
used for reciprocal laying, as explained in paragraph 148. The 
of the principal scale corresponds to plateau 0, dnun 100 of the special 
scale. 

One of the quadrants of the upper motion is divided into eight 
equal parts marked PI. 0, PI. 2. . . , rt. 14. Four indices on the general 
motion are provided for this scale. They are triangular black 
marks at 0, 16, 32, and 48 of the general motion. The plateau is read 
on the special scale at whichever index is covered by the scale. « 

Each plateau division of the special scale is divided into two 
halves, one clear and the other crosshatched in red. If the plateau 
index is at a clear portion, the mils are read on the micrometer at Y, 
and will be between and 100. If the plateau index is at a cross- 
hatched portion of the special scale, the mils are read at the index 
Z (marked by red crosshatching), and will be between 100 and 200. 
^ 522. A lighting device for ni^t observation is provided, con- 
sisting of a cell box and cell, a rheostat, a switch, connections, and a 
bulb. The lamp is attached to the left telescope support so as to 
throw light on the scale in the field of view through the window F. 
The lamp can also be used for lighting the scales and the declinator 
needle. 

When this device is not available, an ordinary pocket flash light 
can be used. 

523. To set up the aiming circle.— Set the tripod so that the 
axis is over the desired point on the ground, with the sliding sup- 
port vertical. Loosen the clamp G, and level the instrument with 
the spherical level H. Tighten the clamp. 

5:^4. To orient the Instrument by sighting on known 
points. — The orienting point used (par. 127) may be a declinating 
point (par. 463), or any point O from which several known points 
can be seen. If a declinating point of the triangulation system is 
used, the known lines for it are listed with their Y-azimuths. 

If any other known point is used, the Y-azimuths of the known 
points seen from it must be determined by calculation or graphically 
mar. 468). Let these values be a, /3, 7, etc., for the lin& OA, OB, 
OC, etc., respectively. 
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Set up at O, with the instrument set at a on the continuous red 
gradiiation. Loosen the clamp C of the general motion and point 
the telescope roughly at A. Tighten C and sight accurately on A 
by means of the slow-motion worm S of the general motion. 

Without disturbing the general motion, sight on the known points 
A, B, C, etc., and again on A. Note the reaiings for each. Let 
them be represented by a^, /3^, 7^, etc. If the readings are not at 
variance with the correct Y-azimuths by more than 1 mil, the instru- 
ment is oriented. If the discrepancies are more than 1 mil, take 
the mean of the differences a — q/, /3 — j8^, 7 — y\ etc . , designated as €. 

Then move the general motion by € in the a'ppropriate direction^ 
and repeat the readings on the known points as previously explained J 
Continue this process until the readings obtained are the correct 
Y-azimuths. 

In making the sights on known points, the points should always 
be approached in the same direction. 

S>2&. To deellnate the almtng eircle.— The instrument is oriented 
as just explained. Then bring the needle index opposite the needle 
hy means of the upper motion, being careful to secure accurate coin- 
cidence. Note the reading. Repeat this operation sever^ times, 
and take the mean of the readings, which is the declination constant 
for tb^ particular instrument. Record the ^s^ue on the Listru- 
ment. 

If the instrument is used in another locality, it must be rededi- 
nated. 

The Y-declination given by the map can be used only as a tomA. 
approximation. As a matter of fact, the telescope is not necessarily^ 
accurately parallel to the needle when the latter is opposite its; 
index. The discrepancy in this respect may be as great as 20 or 
30 mils.* 

1 But with the Model 1917. having an adjustable needle index, the instrument can 
be adjusted so that its declination constant will be any desired value, juch as th» 
Y-azimuth of the magnetic north, given on the battle map. 

Let a be the Y-deolination (par. 463). Then the Y-azimuth of the magnetic north, 
Vjiiis 

Vw-6400-a. 

Orient the instrument accurately as dejcribed in paragraph 524. Then, without 
disturbing the orientation, set the instrument at Vm. Adjust the needle index to 
accurate coincidence with the needle. 

Such an adjustment is of practical value only in standardizing two or moro 
instruments. 
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526. To orient a decHnated instrument.— Set the instrument 
at its declination constant and, by means of the general motion, 
bring the needle accurately oppiwite its index. 

527. To determine tlie Y-azimutli of a line AB.— Set up the 

instrument at any point A of the given line and orient it. Sight 
on B, using the upper motion. The reading on the continuous red 
graduation is the i -azimuth of B from A. 

6ZS. To measure an angle. — ^The angle between two lines may be 
obtained by measuring and subtracting the Y-azImuths of the lines. 
If this angle is all that is required, it is unnecessary to orient the 
instruilLent. The following is sufficient. 

Set tip at O, and sight on the left point, using the general motion. 
Then point on the right point, using the upper motion. The reading 
of tJie coiitinuous red scale is the angle between the two lines. 

SZd. To measure tlie sight. — Point the instrument so that the 
objective is on the vertical scale of the reticule. Level the telescope. 
'9iead the site on the reticule, being careful of the sign. 

530. To measure a distance. — ^With the Model 1917 aiming 
circle and the 2-meter stadia rod, the operation is the same as with 
the telescope alidade (par. 613a). 

Witii the Model 1916 instrument, read the vertical (preferably) 
angle L subtended by the stadia rod, by means of the mil-scale in 
the field of view. The distance D is giveu by the expression: 

-=? 

where K is a constant (about 2,000) previously determined.^ 

1 To determine K, tape three distances on the ground of 25 m., 30 m., and 40 m., 
from the instrument . Measure the angles subtended by the stadia rod held vertically 
at these three distances. These values should be about 80, 67, and 50 mils, respec- 
tively. For each value, find the product DXL. Take K as the mean of the three 
products. 
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OBSERVATION TEI.ESCOPE. 

(Longue-vue monoculaire.) 

531. The prismatic observation telescope is used for observation, 
principally at long range, and for the preparation of fire. 

Model 1917 (Type X. Campagne. Mod^e 1917), for materiel 
having a sight graduated in 6,400 mils. 

Model 1916 B (Type X. Campagne, Module 1916 R), for materiel 
having a sight graduated in R-mils (6,000 to the circle). 

Siege and position (Type X. Si^e et place), for materiel -with 
the. siege goniometer. 

The other models are similar to one of these, differing only in small 
details. 

533. Features coffunoa to the three types.— There are three 
eyepieces, mounted on a turret. The powers are 15, 23, and 30. 

The 15-power is suitable for use on dark days, er at twilight or 
dawn. The illumination is superior to that of tlie higher powers.^ 

The 23-power is the normal one for use on a clear day. The 
illumination is somewhat greater than that of an 8-power field glass. 

The 30-power is superior on a very clear day for long-range observa- 
tion. 

The telescope is mounted above a goniometer, which is fixed to a 
tripod. It has a movement in elevation, and a sitometer. 

533. Both the general motion and the upper motion have slow and 
rapid movements, generally similar to those of the aiming circle 
(par. 519). 

534. Graduations. Model 1917.— There is a clockwise gradua- 
tion, to 6,400 mils, similar to that of the aiming circle (par. 521) .^ 

The site device is operated by the worm U. The graduation is in 
mils. The hundreds are read on the disk V, and the units on the 
micrometer Z. There are two sets of graduations, one in black for 
positive sites and one in red for negative sites. 

1 The illumination is proportional to the square of the diameter of the emer^nt 
pencil of rays, which can be seen as a small circle of light when the eye is placed a snort 
distance (6 or 8 inches) from the eyepiece. The diameter of the emergent pencil is 
the effective diameter of the objective of the telescope divided by the power. 

« The Model 1917 is intended primarily for the 75 gun, and is provided with the 
special scale for reading plateau and drum (par. 521 ). 
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The reticule has a cross in the center, marking the optical axis; 
and two scales, one horizontal and the other vertical, "with 5-niil 
graduations. The normal height of burst, 3 mils (par. 240), is indi- 
cated between the cross and a special graduation. 

Model 1916 B. — ^There is a single continuous graduation, from 
to 6,000, and a double numbering in red and black. The former is 
clockwise and the latter counterclockwise. There is no special 
scale. The site device and the reticle are the same as for the Model 
1917, except that they are graduated in R-mils. 

Siege and position. — ^There is a continuous graduation in deci- 
grades, from to 4,000, with a double numbering: Red, clockwise; 
and black, counterclockwise. 

The sitometer is graduated in degrees and minutes. The gradua- 
tions are to 5 degrees on the disk and to 5 minutes on the micrometer. 
The graduations are numbered in black for positive sites and in red 
for negative sites. 

The reticule has a horizontal scale in single decigrades and a 
vertical scale with 4-mil graduations. 

535. To set up the instrument. — Remove the tripod and 
goniometer from the case, taking care to see that they are locked 
together by the clamp C. 

Extend the tripoa legs to the desired height and embed them 
firmly in the ground. 

Level the goniometer by means of the ball and socket joint R 
and the spherical level H. The joint is locked by the winged 
nut G. 

Remove the telescope mounting from its case, and place it on the 
pivot I of the goniometer, first loosening the clamp E, by pressing 
down the lever. Engage the stud J in its recess. Tighten the 
clamp E. 

Place the telescope on its mounting and secure it. 

536. To use the telescope. — Use the eyepiece, which is in pro- 
longation of tiie axis of the telescope. Focus tne eyepiece. Its 
graduation is in diopters.* 

1 A diopter is a unit used in expressing the refractive power of lens. A person who 
requires a concave spectacle lens of 1 diopter for seeing distant objects would, in 
f ocasing a telescope, set the eyepiece at — 1. Similarly, for a convex lens the setting 
would be +. 
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The power may be changed by revolving the tmret.B, carrying 
the three eyepieces. The turret is secured m its three positions by a 
spring catch. The catch releases upon the application of pressure 
to turn the turret and reengages when the turret is in a position for 
use. 

In dismounting the telescope, the 15-power eyepiece should be 
set for use. The clamp C shoula be securely locked. 

537. To measure the ang^le between two points.— If both 
points are simultaneously visible through the telescope, the reticule 
may be used. 

Otherwise set the instrument at and sight on the left point by 
means of the general motion. Then sight on the right point, using 
the upper motion. 

The reading on the continuous red graduation is the angle desired. 

If the graduation is numbered both in black and red, the first 
sight may be on the right point. In this case the final reading on 
the black scale is the angle desired. 

538. To measure the site. — Set the instrument on the objective, 
using the vertical motion and the crosshairs of the reticule. Level 
the sitometer by means of the worm actuating it. Read the site 
(par. 532). 

539. Use in observation of fire. — Set the instrument at on the 
adjusting point, using the general motion. 

The deviation of the burst, and its height if desired, can ordinarily 
be measured on the reticule. When the burst is out of the field of 
view, it can sometimes be picked up by rapidly moving the instru- 
ment with the upper motion. In this case the reading would be on 
the external scale. The setting should be verified when the instru- 
ment is returned to the adjusting point. 

540. Use for general observation. — ^When used in an observa- 
tion post, the instrument should be set at on a specified origin line 
(par. 94), or oriented, according to the orders received. The obser- 
vations are reported by the reading on the continuous red scale, 
the instrument being pointed by means of the upper motion. The 
orientation should be verified from time to time. 
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SCISSORS TELESCOPE. 

(Longue-vue blnoculaire.) 

541. The scissors telescope is a binocular prismatic instrument for 
the reconnaissance of objectives and the observation of fire. It 
consists of two telescopes mounted on a common pivot so as to be 
capable of rotation in a lateral vertical plane. 

The arms may be disposed horizontally for stereoscopic vision, or 
vertically for periscopic vision. With the arms horizontal, the dis- 
tance between the objective lenses is about 10 times as great as that 
between the eyepieces. The objects viewed are thus brought quite 
strongly into relief unless they are too distant: 
There are three j)rincipal types of the instrument: 
Model 1917, in mils. 
Model 1916 R, in R-mils. 

Siege and position, in decigrades, for materiel using the siege- 
goniometer. 

542. Features common to these three types.— The power is 12. 
The illumination is somewhat greater than the service 8-power field 
glass, and permits observation m poor light, as at dusk or daybreak, 
or on dark days. 

The right eyepiece has a reticule, which can be rotated by a milled 
collar on the outside so as to be in the proper position for any position 
of the arms. 

The instrument can be moved in elevation and has a sitometer. 
It is mounted on a goniometer, which is in turn mounted on a tripod. 

543. The goniometer, sitometer, and the reticule are of the same 
type and with the same graduations as the corresponding types of 
observation telescopes (pars. 532 to 541). 

544. In the older piodels, the gomometer has no micrometer. 
The types A, B, BC, D, and E are graduated in mils. 

The types DD, F, G, H, and I have two graduations, one in mib 
and the other in decigrades. The sitometer is in mils. The reticule 
has an upper horizontal scale in decigrades, a lower hori'^ontal scale 
in mils, and a vertical scale in mils. 

545. To set up the scissors telescope.— This operation is simi- 
lar to that for the observation telescope (par. 535). The telescope 
and its mounting are united. 

Each eyepiece is focused separately. 
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After the eyepieces are focused, the arms are set by loosening 
the clamp of their pivot and moving the arms by hand until the 
two fields of view are accurately superposed, the arms being hori- 
zontal or vertical as desired. The pivot clamp is then locked. 
When properly adjusted in this manner, the object viewed will be 
seen with the maximum brilliancy. The pivot is graduated in 
millimeters, so that when the arms nave been set for an individual 
observer, he can note the setting for future use. 

546. To dismount the telescope.— The arms are undamped 
and folded down ou the mounting to the left. The pivot is left un- 
damped. Place the telescope and its mounting in the case with 
the ODJective lenses on the side of the cover hinge. 

In putting the tripod in its case, see that the clamp C is firmly 
locked. 

547. The operations of measuring sites and angles and observing 
are similar to those with the observation telescope (pars. 537-540), 

FIELD GLASSES. 

548. Field glasses are used for general observation or for the 
adjustment of fiire. They have reticulps for the measurement of 
small angles. 

The tjrpe most widely used is 8-power. 

The higher powers, such as 10, 12. and 16, can be used success- 
fully only exceptionally, because tne field of view is small, the 
illumination poor, and it is difficult to hold them steady. A sup- 
port can be used to overcome this latter difficulty. 

SIGETTING CIRCLE. 

549. The sighting circle is an observing instrument so arranged 
as to permit the measurement of horizontal angles. 

It consists of a semicircular wooden table, with a pivot at the 
center. The table carries a zinc protractor in mils or decigrades, 
and has a level. 

The pivot will receive: 

(a) A special slope rule alidade, with an index for reading angles 
on the protractor. 

(6) A special slope rule alidade, with a luminous wire, for use at 
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(c) A special alidade for night use, which is electrically lighted. 

(a) A neld glass support for the service glass, with an index for 
reading angles on the protractor. 

The sighting circle may be solidly mounted on a wooden frame 
or on masonry in an observation post. It can also be mounted on a 
plane table tripod. 

SrrOGONIOMETER, MODEL 1911. 

550. The sitogoniometer, intended primarily for the light artillery, 
is a pocket instrument for rapid approximate measurements during 
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Fio. 81. 

a reconnaissance, or at any time when more accurate instruments 
are not available. 

It is used for: 

(a) Measuring the site and determining the minimum range 
which will clear the mask. 

(6^ Measuring angles in mils and transforming them into terms 
of plateau and drum. 

Conseauently, it is sufficient for the rapid preparation of fire in 
indirect laying. 

The instrument is contained in an aluminum ca^e. On one face 
there is a table of parallaxes. A handle is provided, which also 
serves as a point of attachment for a cord. 
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551. To measure the site and find the mintmnm range. — 

(a) Site.— Hold the instrument, edge to the front, at the hei^t of 
the eye, in such a manner as to see the site bubble and also external 
objects on the right side. Incline the instrument to the front or 




Objeclive. P 

Defleclion : PI. ^, Dr. 120. 




Deflection: PI. 12, Dr. 150. 
Fig. 82. 

rear so as to center the bubble. Read the graduation seen at the 
height of the objective. 

(6) Minimum range.— At the gun position, again hold the 
instrument as if to measure a site. Select a point A on the mask 
of the same site as the objective. Move the instrument so this point 
is seen to the left. Bring the of the scale to the height of the point 
selected, and read the minimum range at the summit of the mask, 
1,800, as in (fig. 81). 1 

1 This can only be used for distances from the mask not greater than 300 meters 
and with the normal charge. 
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To measure ang^les and deflections.— Hold the instrument 
horizontally, edge to the front, close to the right eye so as to see 
the deflection scales ^ and at the same time distant objects over 
or under the instrument. 

Bring one or the other of the indices at PL ^ on the objective, 
the lower one if the aiming point is on the right of the objective, 
and the upper one if the aiming point is on the left of the objective. 
The deflection is then read at the aiming point in terms of 
plateau and drum. 

If an angle is to be measured, look over the upper edge and use 
the encircled figures with the on the left. 
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CARE OF INSTRUMENTS. 

SS^. The following should be observed in the care of instnmients: 
Keep in as dry a place as possible. 

When an instrument comes in wet, wipe it off carefully before 
putting it away. 

(c) Do not subject an instrument to shock. Do not use force 
with it. 

(d) Cleaning should be limited to the exterior. In cleaning a 
lens do not use cloth or other materiel which can grease or scratch. 
Breathe on the surface and wipe it lightly with a piece of fine dry 
linen. Repeat this process until the moist surface has a smooth, 
dull appearance and evaporates regularly and concentrically. 

(e) In handling theodolites do not touch the scales with the 
fingers. When wet, remove the moisture with a piece of clean, 
dry, fine linen, lightly oiled, without rubbing^. Remove dust 
without rubbing. 

(J) It IB strictly forbidden to clean, adjust, or dismount the 
Interior of instrument, unless specifically authorized by regula- 
tions. Instruments out of order should be sent in for repair. 

1 The total length of the scale is exactly 533 mils, 1/3 of a quadrant. 
3 These indices are so marked as to make them easily recognisable. 
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SIGHT ADJUSTMENT— CALIBRATION. 

553. Sight adjustment. — ^The laying instruments of the base 
piece are usually taken as reference instruments (instruments 
de r6f6rence). 

The object of the si^ht adjustment is to compare the instruments 
of the otner pieces with the reference instruments. 

554. Quadrant. — Lay the piece in question successively at the 
elevations 0° 30^ 1° 30^ . . . , n° 30^ For each position of the 
pipce, measure accurately the elevation a with the reference quad- 
rant, and the elevation a^ with the quadrant of the piece used. 

The differences a^ — a can then* be used to form a table of cor- 
rections to be applied to the various elevations used by the base 
piece to eliminate differences due to the quadrants (par. 196). 

If the piece is calibrated, these corrections are included in the 
calibration corrections (par. 556). 

555. Sight. — Lay the piece for direction successively at the 
following deflections: 



75. 


Mils. 


Grades. 


PI. 


Dr. 



2 
4 


100 
100 
100 


50 
150 
250 


50 
150 
250 


14 


100 


6,350 


3,950 



66778"— 18- 



-19 
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For each poBition of the piece, measure accurately the deflec- 
tion b with tne reference signt and the deflection y with the sight 
of the piece used. 

The differences y — b can then be used to form a table of correc- 
tions to be applied to the various deflections announced to the 
base piece (par. 191), in order to eliminate differences due to the 
sights. 

556* Callbratton. — ^The object of calibration is to determine the 
individual elevation corrections to be applied to pieces other than 
the base piece^ so as to obtain uniform results in range (par. 196). 

Calibration m practice does not entirely achieve this object, but 
nevertheless is decidedly advantageous. 

The calibration correction (correction de r^gimage) varies with 
the range * and from time.to time. It should be determined about 
every 1,500 or 2,000 rounds for the small calibers; about every 1,030 
rounds for the medium calibers. It should also be determined for 
as many ranges as possible, at least at 3,003 and 6,000 meters for 
the small calibers and 5,000 and 10,000 for the large calibers. 

Select a clearlv visible and accurately known point near the 
middle of the field of fire and at a suitable rauge.^ 

Fire for improvement on this point with at least 12 rounds per 
piece. Current precision fire should be utilized as far as practicable 
for this purpose. 

Four adjusted elevations are thus obtained for the same objective, 
«! (reference piece), o^^ a^^ and o^. The calibration corrections 
for the pieces other than the reference piece are then: 



These and similar results for other ranges are the means of pre- 
paring a table of corrections for each place other than the reference 
piece. The chief of section applies these corrections to the an- 
nounced elevation. 

1 It may be ta^en that the calibration correction i^ applicable, whatever the powder 
lot used, for ranges within 3/4 or 4/3 of the ran^e for which tne determination was 
made. 

* The point should be located by intersection from at least 3 terrestrial observa- 
tion posts. * 
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APPENDIX 14. 
STRIPPING AN ADJUSTMENT. 

DEFINrnON OF THE COEFFICIENT Ko. 

557* The object of stripping an adjustment (par. 281 ) is to obtain 
infonnation which will facilitate to the greatest possible extent 
subsejiuent firing with the same powder lot. 

Stripping is based on the following considerations: 

Let A be the map range of an objective, which for this discussion 
is accurately plotted on the battle map. 

At the instant of firing, a certain number of disturbing influences 
act to alter the normal trajectory of the firing tables, so that the 
ballistic range ^distance ballistique) D is different than the map 
range A. Tne oallistic range is obtained by fire for adjustment. 

The difference D— A=M is the total correction to be applied to 
the map range to offset the disturbing influences. 

Among the influences measured by M are some which are known 
and can be evaluated. Let M'' be the correction for these known 
influences. It is evident then that if the fire be opened, not with 
the map range A, but with the ran^e D''=A+M^^ that is, with the 
map range corrected, as far as practicable, the initial range will be 
less erroneous and the adjustment simplified. 

This is in general the method actually used. 

558. The aajustment gives the ballistic range. 

D=A+M. 

From both sides of this equation substract the corrections M^ 
for known influences. Then 

D-M^=A+M-M^ 

D— M'' is called the stripped range. The equation may also be 
written 
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M— M^, from discussion, represents the incompleteness of the 
evaluation of the disturbing influences for the range A. Its value 
is unknown, but from our general knowledge of the nature of such 
influences it is evident that it increases with the range. 

559* Experience shows that the difference M— M'' is proportional 
to A, on condition that— 

The same powder lot is used. 

The ranges considered do not differ too much from A, or more 

specifically, if they are within 3/4 to 4/3 of A (par. 564). 

M — M^ 
Therefore the ratio — -r — is constant, which makes Ko constant 

also, under the conditions stated. 

560. Stripping an elevation or range consists practically then in 
finding coefficient Ko for the powder lot used. This is done by 
stripping the ballistic ranse D of the corrections M'' for the known 
influences, and dividing this ran^e D— M'' by the map range A. 

561. Having found Kq, the ballistic range Di, for a new objective 
whose map range is Aj, can readily be found. 

If M^'i IS the correction for the known influences affecting the 
fire on the new objective, by the value previously stated for K© 

that is, Di=KoAi+Mi. 

Thus the map range Aj is modified by multiplying it by Ko, 
and correcting this modified range for the known disturbing in- 
fluences M^i. This gives the corrected range (par. 192). 

56^. Because the value of Ko is only approximate, the corrected 
range will not in general be found exact. It is, however, much 
more accurate than if Ko were not used, which justifies the use 
of the method. 

MEANING OF Ko. 

563* Thus far Ko has been considered as an abstract quantity, 
without physical significance. The various influences entmng into 
it have not been dwelt upon. 
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These are: 

Site of the objective. 
Wind. 
Air density. 
Weight of projectile. 
Quickness of the powder lot. 
Powder temperature. 
Wear of the piece. 
Certain of these influences can be accurately evaluated, such as 
the site of the objective and the weight of projectile. Others can 
be evaluated only approximately, such as the wind and air density. 
Others can not be evaluated, such as the quickness of the powder 
lot and the wear of the piece. 

Ko covers the incompleteness of the evaluation of these influences 
(par. 558). 
This incomplete evaluation consists of two parts: 
Errors in evaluating the known influences. 
Influences not known and not evaluated. 

The first part is slight and negligible in comparison with the 
second. The term M— M'' in the value of Kq consists, for practical 
purposes, of the second part. From paragraph 560 it is thus seen that 
JKq depends on the powder lot and the piece used.^ 

564. The quickness of the powder lot and the wear of the piece 
have influences which may be measured by a variation in muzzle 
velocity. The value M— M^ may therefore be expressed by a range 
correction m due to the velocity variation. 
Then 

M-M^ m 
K0-I+ ^ -1+^- 

Therefore the assumption that Kq is constant holds only within 
such limits of map range that m/A is sensibly constant. 

These limits can be found by trial, using the firing tables. Assum- 
ing a map range A and a correction in this range of m, the corre- 
sponding variation in muzzle velocity can be calculated. Using the 

1 Calibration firing corrects for difference between individual pieces. Reference 
here is to the failure of the reference piece to conform to the firing taoles, due to irregu- 
larities in the piece itself. 
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same variation in muzzle velocity, the range correction m^ can be 
found for a different map ran^ Aj. 

By continuing this process, it wUl be found that the ratio m/A, and 
consequently ^, is constant only for values of Ai between 3/4 and 
4/3 of A (par. 292). 

METHOD OF USING THE YELOCITT CORRECTION* T— T«. 

565. The restrictions on the use of the coefficient Ko can be 
avoided. Referring again to the equations of paragraph 558, let 

D-'ssA+M^ be the corrected range (par. 192) tor the first 
firing, only the known influenced being cor- 
rected for, and 
D=A4-M be the range corresponding to the adjusted eleva- 
tion. 
Then D-D^=M-M^=m (par. 564). 

The correction m corresponds, for practical purposes, to the total 
variation of muzzle velocity due to the powder lot and the condition 
of the piece for the range A. The value of this variation in muzzle 
velocity, V— Vq, can be calculated from the firing tables. 

566* If it is afterwards necessary to fire with the same powder and 
piece, at any other map range Ai, the range correction mj for the 
new range A^ can be readily found from the firing tables, by means 
of V— Vq. Wi can be found for the known conditions of the moment 
as previously. 
Then the corrected range for the new objective will be 

Di=Ai+M''i+mi. 

Because it has no restriction as to the new map range with respect 
to the one previously used, the method by usin^ the variation of the 
muzzle velocity is more general in its application than the method 
using Ko- 
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APPENDIX 15. 
CHART FOR TIME FIRE BEHIND CRESTS. 

567. Use. — Calculate from the battle map the slope n in per cent 
(par. 21) of the groimd to be covered. 

Find from the firing tables the angles of fall w and the remaining 
velocity, Vf for the range to be used. 

For example, to cover a slope of 9%, when: 

<o=25^ 
Vr=300 m. 

Read on the line (1), opposite the slope in per cent, the slope in 
angular units, € (5° opposite 9% ). 

Draw a Line from the point, 9%^, on (1) through the point on (2) 
w-€(25°-5°). 

Join the point where this line intersects (3) with the point on (5) 
for the remaining velocity ^300 m.). 

At the point where the line last drawn cuts (4), read the nearest 
value of the ratio Bf/E. H is the range bound in meters and E the 
corresponding fuze bound in seconds. In the case 

H^IOO. 
E .1 

The ratio H/E means that to maintain the burst on a line parallel 
to the ground, the fuze setting should be increased * 0.1 second for 
each increase of range of 100 meters. These particular values need 
not necessarily be used, but the two values should be in this ratio. 
The range bound is based on the usual considerations (pars. 263 
and 264). 

To find the actual range bound on the ground, join the point 
for ta (25°) on the red graduation of (2) to the point previously lound 
on (3), and prolong this line to intersect (4). Read on the red 
graduation of (4) the ratio B Q.25) of the range bound on the ground 
to that on the norizontal. A range bound of 100 meters thus cor- 
responds to 125 meters on the ground. 

1 If the corrector is used, the fuze setting is increased by decreasing the corrector. 

2^5 
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APPENDIX 16. 
ADJUSTMENT BY HIGH-AIR BURSTS. 

568* Object. — By this method, objectives hidden from terrestrial 
observation may be attacked with zone fire (par. 259), without aerial 
observation. The objective must be accurately located on the 
battle map. 

The method may be used by day or night. It is easier and more 
accurate at night. 

Fire for effect may be percussion or time. 

569* Method. — ^A series of high-air bursts, fired with the same data 
by the base piece of a battery, are accurately located by intersection 
from several observation posts. The charges in firing aata necessary 
to bring the trajectory on the objective can be deduced from these 
observations. 

570. Adjustment by this method is a function of the flash ranging 
groups. 

The Artillery commander assigns the adjustments necessary to 
appropriate groups, and establishes the order of priority for each 
group. 

Each croup is furnished the coordinates of the base piece of each 
battery for which it may have to make adjustments. These should 
not be conmiunicated by telephone. 

Permanence of telephone communication is essential to the success 
of the method. 

571. The operations by the battery and the flash ranging group are 
as follows: 

The battery conmiander causes the base piece to be laid on the 
objective and forms the sheaf. 

The oflScer in charge of the flash ranging has a trajectory chart 
^baque de trajectoire) showing the trajectories for all elevations. 
He locates the objective on this chart by its range and altitude with 
respect to the base piece. 

The fuze setting is determined from the chart so as to give bursts 
of sufficient height to be surely visible. 

296 
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The elevation and fuze setting are transmitted to the battery com- 
mander, who corrects them for the conditions of the moment, and 
fires a series of 10 or 12 shots from the base piece, at the rate of one 
shot per minute. 

The bursts are observed from three observation posts. One ob- 
server in each post measures the Y-azimuth of the bursts by means 
of the reticule of his instrument, which has previously been set in a 
known direction. A second observer in two of the posts measures 
instrumen tally the site of the bursts. 

The observations are sent to the central flash-ranpng station, 
where the officer in charge, by simple graphical methods, locates 
the burst center horizontally and vertically with respect to the base 
piece. The burst center is then dotted on the trajectory chart and 
determines the trajectory through the burst center. The elevation 
change necassary to reach the objective can then be taken from the 
chart. 

The deflection change necessary can be obtained from the hori- 
zontal position of the burst center with respect to that of the objec- 
tive. 

The necessary changes in elevation are transmitted to the battery 
commander, wno makes suitable changes in the firing data, and 
passes to fire for effect (par. 257). This fire can be verified by obser- 
vations similar to those previously made. 

572. The method compares in accuracy to shifting fire (par. 287). 
Zone fire should be used in fire for effect. Preeision fire lor effect 
(par. 254) should not be used in connection with this method. 

In general, the method is applicable in the following cases: 

(a) Interdiction or harassing fire. This may be time or percus- 
sion fire and executed by day or night. The object nxay be to 
cover an area traversed by the enemy, or to prevent passage at 
essential points. The nature of these points is such that they will 
generally be well located on the battle map. 

(6) Neutralizing fire, rapidly delivered on batteries already 
located, when aerial observation is not available. The accuracy 
of the method is sufficient to permit the use in fire for effect of two 
elevations differing by one fork. 
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573. The method may be used in place of the datum point ^ when 
aerial observation is to be used for adjustment, and it is desired to 
place the first shots near the objective. The initial data in this case 
can be obtained directly from the battle map. ^ 

574. The method may be used in place of a witness point. After 
an adjustment has been accurately made by any metnod^ high air 
bursts may be fired with the adjusted elevation. This will fix the 
adjusted tiajectory. Subsequent fire can then be checked by again 
resorting to high air bursts and comparing the trajectory thus de- 
termined with the adjusted trajectory. 

575. The method may be used for testing fire (par. 171), by day 
or night. It is particularly advantageous against captive balloons. 

1 Often difficult to locate under the present conditions. 
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APPENDIX 17. 
SOUND RANGING (R^glage par le son). 

570. Sound ranging should be used by heavy artillery in adjusting 
its fire, when conditions are suitable and when aerial or terrestrial 
observation is impracticable.^ 

Experience has shown that, under suitable conditions, this 
method gives results which compare fcivorably with those by the 
other methods. 

577. Objectives. — Sound ranging is generally used in attacking 
hostile batteries previously located by the sound ranging group 
which is to conduct the adjustment. The adjustment is undertaken 
as soon as the batterjr is again found to be active. 

If the adjustment is imdertaken at once, after the battery is dis- 
covered for the first time, there is a certain delay between the loca- 
tion of the objective and the adjustment. The accuracy of the 
adjustment is less certain under these circiunstances. 

The use of sound ranging for adjusting on an objective known only 
by its coordinates is much less accurate than when the objective has 
been located by sound ranging, and should be resorted to only when 
atmospheric conditions are especially favorable. 

678. Sound ranging requires the use of shells of large explosive 
capacity, and its application is therefore limited prmcipally to 
calibers of 155 mm. and above. The 120 may be used when con- 
ditions are very favorable. 

The long shell is the most suitable, but th,e semisteel shell can 
also be used. Instantaneous or non-delay fuzes should be used.^ 

579. The fire must be carefully prepared, in order that large 
changes will not be necessary. 

580. Conditions for use. — ^An excessive artillery activity, 
either friendly or hostile, caU hamper the use bf sound ranging or 
prevent it entirely. ^ 

i At night or on a dark day, or when the objective is hidden. 

* I A fuzes are not used, for, although they are favorable for adjustment, their tra- 
jectory is altered when other fuzes are substituted in fire for effect. 

« If conditions warrant, frien'ily artillery activity may be stopped, in order to 
pennit an important sound ranging adjustment. 

299 
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Stability of atmospheric conditions is essential. An adjustment 
should not be undertaken if the wind velocity is over five meters, 
or if changes in atmospheric conditions during tiie adjustment are 
expected. 

It is only by careful examination of the conditions of the moment 
that the advisability of undertaking an adjustment can be deter- 
mined. Decision on tliis point sliould be based on the adviee 
of the sound ranging officer in charge, who should also decide 
when the adjustment should begin. 

581. Telephone communication.— Continuous and satisfactory 
telephone communication is essential throughout the adjustment. 

59!Z, Preliminary arranc^ements. — In the normal case of a hostile 
battery, previously located by soimd ranging, the adjustment should 
be undertaken as soon as possible after me oattery is again discov- 
ered in action. The adjustment should proceed as rapidly as possible. 

This end can be attained only when the sound ranging groups and 
the batteries to fire are held constantly in readiness to imdertake 
the adjustments contemplated. 

5S3. Programs of acQustments.— The artillery commander of 
the sector accordingly draws up a program of adjustments. 

The objectives for which sound ranging is to be used in adjust- 
ment are indicated . Batteries are assigned to fire on these ob jec ti ves, 
which the sound ranging groups have ordinarily already located. 

The objectives covered dv the program are in two classes: 

(a) Those to be attacked immediately upon call by the sound 
ranging group concerned. 

(6) Those upon which fire can be opened only after first obtaining 
authority. 

The program thus avoids delays due to consulting higher com- 
manders wnen cjuick action is necessary. 

The program is communicated to the sound ranging group. 

584. The sound ranging group prepares charts for the adjustment 
beforehand. It gets in touch with tne batteries with which it is to 
work, as shown by the program, and arranges for prompt and reliable 
telephone communication. 

Tne artillery commander of the sector causes practice exercises 
to be held to assure the smooth operation of these arrangements. 
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585. Metbod of fire. — In adjusting by sound ranging, the methcxi 
by measured deviations is used.* 

The adjustment is by piece. 

The battery fires by successive salvos. The sound ranging group 
detennines the range and deflection deviations for each piece and 
reports them to the battery. The changes are made for each piece, 
based on the center of the shots fired by each. 

On account of the delay incident to the location of shots, the 
adjustment is carried only to a point which will enable the data 
suitable in fire for effect to be calculated. These data are then 
modified and verified during fire for effect without interrupting the 
fire. 

586. Fire for adjustment. — ^The sound ranging group uses only 
one adjusting point in locating the shots, even when the fire is 
distributed. 2 

The sound ranging group notifies the battery when it is ready. 
The fire is delivered at a suitable rate, the sound ranging group being 
notified of the number of each piece as it is discharged. 

When the record is imperfect, the sound ranging groups may call 
for additional rounds from a particular piece, or several pieces. 

The deviations are reported to the battery, in rang^e (meters) and 
in deflection (meters or angular units). 

The salvos are usually fired at 10 seconds interval, and the interval 
between the salvos of a series is about 2 minutes. 

587. The firing data having been carefully calculated for the 
conditions of the moment, the battery fires a series of 2 salvos.? 

The sound ranging group reports the center of the two shots fired 
by each piece, with respect to the adjusting point.* The battery 
makes the necessary changes. 

1 The operations of the sound ranging group require a considerable time. The 
different series can not therefore be considered as having been fired under the same 
conditions, and the usual method (par. 228) is not applicable. 

« When the fire is distributed, the battery should notify the sound ranging group, 
80 that the latter will not be surprised at the size of the deflection deviations^ 

• If the objective has a narrow front, the sheaf may be converged for adjustment 
and opened in passing to fire for effect. If the pieces of the hostile battery are consid- 
erably separated, the fire should be distributed from the start so as to adjust nach 
piece on its appropriate objective. To this end, the sound ranging group supplies 
a sketch showing the hostile battery as it has been located and also the, adjusting 
point chosen. 

< If the battery so requests, the sound ranging group reports the deviations for all 
shots. Abn(Minal shots are always reported. 
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S8S. The battery then fires three salvos, which are reported as 
previously and the necessary changes made, based wholly on this 
series. 

589. Fire for effect. — ^The data determined as a resuit of fire for 
adjustment are used in fire for effect at a single range: ^ 

Three salvos are first fired in the way of verification at the usual 
rate,^ followed at once by volleys for effect. 

As soon as the results of the first three salvos are reported, any 
necessary changes are made and the fire continued. 

In order to verify the fire from time to time, salvos are resumed 
and three fired at the Usual rate for adjustment. The sound ranging 
group is given timely notice of this. The fuzes are changed if neces- 
sary. 

If the successive variations show a regular change in the data, 
such changes can be predicted for the succeeding fire up to the 
next verification.^ 

590. Use of the witness point. — ^It may happen that during a 
protracted fire for effect, lie conditions may become unfavorable 
for further use of sound ranging. 

It is well therefore to adopt measures to retain the advantages of 
the adjustment as far as it has been carried. This can be done 
by firing on a witness point with terrestrial observation during 
the intervals when the sound ranging group is working out its obser- 
vations. Or the method by high air bursts may be used (par. 574). 

591. Bemarl£S. — If the sound ranging group reports that its records 
are not satisfactory or that the shots are becoming irregular, the 
firing is discontinued.* 

59i. If during the firing a particular piece gives abnormal devi- 
ations, this piece ceases firing and the adjustment proceeds without it. 

593. A comparison of the centers for the various pieces in a par- 
ticular series affords a very accurate means of determining the 
calibration corrections (par. 556). 

Conversely, an accurate knowledge of the calibration corrections 
will materially simplify the adjustment by sound ranging. 

t- It should be possible ordinarily to begin fire for effect about one hour after the 
hostile battery is reported in action by the sound ranjing group. 

2 If fire for effect calls for delay fuzes^ these are not used until after this series. 

8 In this- manner the fire for effect will be more continuously e.iicient under the 
constantly varymsj conditions. 

* The adjustment should likewise be given up if the wind increases to over 5 meters. 
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APPENDIX 18. 
PERCUSSION ADJUSTMENT BY FLASH RANGING GROUPS. 

594. The flash ranging groups (S. R. 0. T. — Sections de recherche 
de renseignements par observation terrestre) should be utilized by 
batteries for percussion fire for adjustment, whenever the battery 
dispositions do not afford sufficient accuracy and when aerial 
observation is impracticable. 

595. ObJeetiFes. — Ordinarily the flash ranging groups are used 
for percussion precision adjustments on slightly defiladed objec- 
tives, such as: 

(a) Hostile batteries located by intersection on flashes (flammes)' 
or smoke. 

(6) Objectives which are not visible with terrestrial observation 
but whose location is accurately known. The organization of the 
flash ranging groups is such that the observers can set their instru- 
ments accurately^ on 'a known point even though it is invisible. 

596. The defilade of the objective can not be too great, or else 
the effect of the burst will not be sufficiently visible for accurate 
intersection. The permissible defilade depends on the size of the 
burst; that is, on the kind and caliber of the ammunition used. 

597. The method is very accurate when the flash ranging group 
has actually seen the objective,* or can see a known point whose 
position with respect to the objective is accurately known. 

The flash ranging groups should not be called on for 
adDustments on objeetlves which are visible from the battery 

» The flash ranging groups can not make accurate adjustments on objectives 
located by the glare of their flashes (hieurs). 

* This is generally not possible for the observation posts of the batteries, because 
of a lack of a sufficiently precise organization. However, If there is a visible point 
near the objective whose position with resi)ect to the objoctive is accurately known 
(by aerial photonraph or other\^isc), the adjustment may be made on this point 
by the usual joint observation (observation conjugu6e). The flash ranging group 
need not be called upon in this case. 

» The measurements of fie observers are simply deviations with respect to lines 
which are known to pass through the objective. All topographic errors are thus 
eliminated. 

303 
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observation posts, eieept under very eiceptfonal cfrcum- 
stances.' 

508, Flrinj^ battery. — The method can be used by all calihfirs 
Calibers of 120 and ii^nder alio u Id use long shcllifl. Tn^tantaneoua or 
Bocdelay fu^ea are uaed ordmarily. The long Inzm are xised only 
when they inuet be ueed in fire for effer t. 

The preparation of firo must be exeoutcd with gTQS^i care in order 
to abbreviate the adjustment. 

599. Oondltlonj^ goTernltij^ the use of the method* — An 
adjustment should not be undertaken unless the eonditions for 
observation are satisfactory. 

General Artillery activity docs not ueceBsarily cons ti tut e a serious 
hindrance, unless the firing of other batteries on the same or a nearby 
objective cauBei confusion of obiservations.^ 

The wind can lessen the precision of the adjui^tment when the 
defilade is sufEieient to hide all but the smoke of the burst. The 
larger the burst, the less accurate are the intersetlions. 

The meLliod can be used at night, but the object i^'e can be only 
ali^htlj defiladed, and instantaneous fuzes must boused. If the 
objective 15 considerably defiladed, the firinp; must at first be on some 
point near the objective on which observation is eo^y,^ and whose 
position with respect to the objective is accurately known. 

Since the success of an adju^^tmcnt depends largely cm tlie ccandi- 
tions under which it is undertaken, it should be be^un onl^" on the 
advice of the officer charged with tlie flash ran^ong. This officer 
notifies the baltery when conditions are favorable. 

000, Telephone CftiiimuiiieatIon,^Uninterrupted telephone 
communication between the battery and the flash ranf^iing jrroup is 
in d ii^pen yah 1 e f or a prom p t an d sa t isf ac tory ad i us tmen t . 

eoi. Preliminary arrangements. Program or ac|]ust- 
ments. — The batteries and (he correKpondinj^ flash ranging f^roups 
must he in coni^Uint readiness to undertake without delay any task 
that may be assigned to them, 

I Unless for practice. 

* In fiuch ft case Ihe Artillery commanfler tnay Inteirui^t or divt'ri (hp fmj of certaki 
baltcrie-s: if not, ihts adjustment must l^ plvpn up. 

* T he ^aiTto method may bo nec<?^ary In tbe day tiiao I! observation is difficult in 
the Immediate vicinity of the objective. 
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For this reason, the Artillery commander in each sector draws up 
a program of adjustments involving the use of the flash ranging 
groups. The latter are consulted in the preparation of this program. 

This program distributes the objective to be attacked among the 
various Datteries.^ It also designates the batteries to be called by 
the flash groups in case objectives are located in various parts of the 
sector.^ 

6013. This program is communicated to the flash ranging groups, 
together with the coordinates of the batteries to fire.^ The flash 
ranging groups make the necssoary preparations, and get in touch 
with the batteries with which they are to work.* Careful arrange- 
ments must be made to insure satisfactory telephone communicar 
tion. There should be complete understanding as to the adjusting 
point, the kind of ammunition to be used, and the rate of fire. 

Practice adjustments, should be made frequently with either 
simulated or actual firing. 

603. The method. — ^The method is by measured deviations 
(par. 228). The adjustment is by piece. The method of fire is by 
series of battery salvos. 

The flash ranging group determines the center for each piece for 
each series of shots. The changes indicated are made individually 
for each piece. . . 

Rapidity of adjustment is essential for accuracy in order to avoid 
changes in the atmospheric conditions. 

The observation of the shots, their transmission to the central 
station, and the necessary grapnical constructions consume a con- 
siderable amount of time. It is therefore essential that the adjust- 
ment be limited to the number of rounds absolutely necessary in 
order to undertake fire for effect. This fire may be checked at 
intervals by the flash ranging group. 

1 The flash ranging group prepares a list of objectives which it is prepared to adjust 
on. This list is used in preparing the program. 

« Among these are the so-called wandering pieces (pieces nomades) the use of which 
is becoming very frequent, and which can rarely be successfully attacked other than 
by this method. 

» The coordinates of a firing battery should never be communicated by telephone. 
In case of necessity only the Y-azimuth of the line of fire should be given, or else the 
coordinates of any point on this line. 

* The program rarnished the flash ranging group should give the habitual designa- 
tion of tne firing battery and the telephone central to which it is connected. 

66778*— 18 20 
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In thia way the adjiistraent of a battery of fotir pieces ahould not 
require more than a half hour. 

M4. The adjustmeDt^ — The ^ash ratif^in^ P^^^P uees only & 
mngle adjusting point/ with, reepect to wldch it measures all devia- 
tions* 

The battery communicatefl the time of flight to the fiaah Tanging 
group. 

The flash rang^ing group notifies the battery when it ia ready to 
obf^erve. The battery fires at the rate previously a^eed upai^. 
The departure of each shot and the piece firing it are announced in 
sui^res^ion.^ Wh'^n aH of the Bbots of a series are not observed from 
three posts^ additional" shots are called for. 

605, The deviations are annoxmced to the batterj'- in deflection 
and rmii«;e« The former is in meters or angular units, as desired by 
the battery. The latter is in meters. 

61>S< The rate of fire depends on the conditions of observation. 
This is the subject of agreement between the flaah rang;ing group and 
the battery. The rate a^eed upon must not be exceeded, especially 
in sal V OB. Accurate intcraections on shot a are imfx>8sible if they 
are too clothe t<^ether. A regular rate of fire greatly facilitates 
obBeiratlon. 

I'nder favorable conditions, a rate as^t^at aa two or three ftbots 
per minute can be uaed, both for a salvo and between the salvos oi 
A series. 

607, The sheaf having been formed (either conveii^red or diatrib- 
uted)j^ the hattf^y fires a seriee of two ealvoe with suitable data and 
at the proper rate. 

1 The adjtt^tin^ pdlnt U r^hosen so that the shots of nl] pi«»es will ha In th^ flpld ol 
view of the in5trumeut wbftn it i* poini«d on thb point. Tho individual dcviationa 
can thr-n Ui mca^iiTRd tsy nm^an.'* of the irticiijo and errors due to tacVlash ia ths 
tustrument aToided. The adjur^ln^ point n^epd not he vL^ilQle. It mav bo, for 
BJtumple^^ a hfh^tila plec^ whosie Qai^li has lufn sc™. 

If t fie points on M?hieh the varirjas pieces are adju^tei! are so wi4elf separat^ed as 
to reqiiire the use ol separate adjusting pDinis, tJie pieOL'ii tibould bo ftdju-siod Indi- 
vid null y. 

* The depjartiu-e of eanh shot miist be accurate W annotiticed. 

* Id a^lu^thii on n lio^LlIo bttti*iry,OJi a narrow front, ihe fireshouM be converged 
and di'^tributed in fire (or etfect if necessary. 

If the obJct'Vtvo re q nines a wide dsstribtiifon, thi^ f^n^ is distfibutod from the be^ln- 
ntn^ of the adjustmeni. In thi?^ ca-^, cbo flash rantrins? im>ijp suppling a skeKJJi oJ 
the DbjwUh^, as located, with the adjusting point indicated. 
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The fladi ranging group determines the center for each piece and 
reports to the battery the deflection and range deviations of each 
with respect to the adjusting point. ^ 

- 608. The battery then fires six salvos with altered data. The 
fl^h ranging group reports the deviations of the centers as pre- 
viously. 

The data are accordingly modified and fire for effect is imder- 
taken. 

If the first salvo of a series is lost, the series is begun anew at a 
different eleyatlon. If one or several shots of a piece are lost, the 
^e of this piece is completed at the end of the series. 

609. Fire for effect. — Fire for effect is by volleys at a single ele- 
vation, using the adjusted data. It should immediately follow the 
adjustment. It should be delivered rapidly, with no attempt to 
preserve a regular rate of fire. 

From time to time the batterv asks the flash ranging group to 
verify the fire for effect. For this purpose salvos are resumed at 
the usual rate (the fuse being changed to that suitable for adjust- 
ment if necessary) and a series of six salvos fired. The deviations 
are reported, the firing data changed by the amount of these devia- 
tions, and fire for effect resumed at once. 

610. In the cases where the adjustment is on a point near the 
objective (par. 599), the verification of the ^e for effect must be on 
this same point. As such fire is without effect on the objective, it 
should not be resorted to oftener than is absolutely necessary. In 
such cases the verification can be made with one piece and the 
others chained accordingly. 

If the successive verifications show a regular change, the necessary 
modifications of data may be predicted and applied progressively 
between verifications. 

611. Adjustment of a single piece.— The adjustment of a single 
piece should be undertaken only in the case of large calibers or 
rapid fire materiel for the attack of a small objective. 

A flash ranging group should not be called on for such an adjust- 
ment in the case of medium caliber slow fire materiel as the small 
effect does not justify the time consumed. 

1 If the parts of the objecti* e are so widely separated as to be considered as dis- 
tinct objectives, select an adjusting point for each piece and adjust each sep- 
arately. 
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613- Aa the fire is by dngle rounds, all ahota can be obaervf^d both 
during adjustment and fire for effect. The elevation cafl thus be 
continuously adjusted without interrupting the fire for effect. 

The adjustment is by series of shota, the fiash ranging group 
determining the center of each serie^ii. 

413. Tlie pieoo first fires a eeries of two shots, the center of which 
iB reported. With modi^ed datjn a second seriea of two shots is 
fired. 

The data are again modified baeeil on the second series and the 
fire continued by series of six nhot^. The modifications of data fol- 
lowing ea*^h of these series are as follows: 

First series: Reported deviations. 

Second series: One-half of the reported deviations. 

Third series: One- third of the reported deviations.* 

614. When the change in data tnus determined is less than one 
tabular range probable error and 2 mile in deflection, fire for effect 
may be begun without continuous observation by the flash ranging 

If this result is not ohtaintHl with tho fourth senGs of six shota 
discontinue the adjustment. 

This me lb ml presupposes that the fire is conducted rapfdly atid 
that th« atmo^pberle eoDdJtlon^ are stable. 

If the fire is prolonged, it is verified from time to time as requested 
by the battery. The verification is by series of aix successive shots. 

815. Use of a witness point. — If an adjustment by flash ranging 
is not followed immediately by fire for effect the battery should, on 
its own account, execute an adjustment on a witness point, real or 
fictitious (par. 2S3). 

This is particularly importaTit in active eectore where the flash 
ran dug ^'mup?^ are continuously occupied. 

619* Actjustment on a fictitious (fietif) datum point.— The 
usual methotL of adjuKting on a datum point (par. 287 J includes the 
selection of a clearly defined point on the battle map and the execu- 
tion of a complete adjustment (trial and improvement fire). 

1 The total chanp^^s iiDa<J4> to Include this series Is the same as tf the piec?e had fired 
fi stnfilc flcrie.^ of i?* Khots . The method hy scriys ha.s t he ad vnn tiiJie , ho we vt t, that tim 
shot!? are earUer brought close to the objective with an mcreaHed likelihood of pto- 
duomg some e^ect. 
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The center of a series of shots fired with the same data, when 
accurately located by the flash ranging ^oup by coordinates, con- 
etitutes both the datum point and the adjustment on it, 

617. The method of using the flash ranging group in establishing 
such a fictitious datum point is as follows: 

One piece fires 12 shots at any suitable elevation, at the rate agreed 
upon. 

The flash ranging group finds the center and reports it to the bat- 
tery by its coordinates. These coordinates are tnose of the datum 
point and the elevation used is the adjusted elevation (par. 219). 
The elevation must be taken generally so as to place the shots where 
they can be proi)erly observed and also in the vicinity of objectives 
in connection with which the datum point is to be used. 

618. On active fronts it is essential that the flash ranging groups 
devote their time to their principal missions, adjustments and the 
location of objectives. Under these conditions their use in observ- 
ing fire on such datum points is exceptional. 

On the other hand, during inactive periods, they should be used 
for this purpose as often as possible. Practice is thus afforded and 
ammunition is economized. 

619. The remarks (par. 591 et seq.) in the case of sound ranging 
are applicable in the case of flash ranging. 
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UST OF FRENCH AND ENGUSH TERMS. 

Abaque de trajectoire Trajectory chart. 

A berceau trameau With cradle and sled. 

A Tessai Under test. 

A r^tude Being studied. 

A glissement Sliding mount. 

Amit k ^hantignoUee Mounted on wooden platform. 

Alidade nivelatrice Slope rule alidade. 

Amorgage Fuze (in general). 

Amoryage de culot Base-fuzed. 

Amoryage instantan^^ Instantaneous fuze. 

Amor9age de t^te Point-fuzed. 

Amorce Primer. 

Angle au niveau Quadrant angle of elevation or 

elevation. 

Angle au niveau initial Initial quadrant elevation. 

Angle du but Elevation for the objective. 

Angle de chute Angle of impact (in some firing 

tables translated as angle of fall) . 

Angle d*arriv6e An^le of fall. 

Angle de direction Firmg an?le. 

Angle de depart Angle of departure. 

Angle d'essai Trial elevation. 

Angle de hausse Elevation. 

Angle d'incidence Angle of incidence. 

Angle d' observation Observer displacement. 

Angle de projection Quadrant angle of departure. 

Angle de r^glage. . . — Adjusted elevation. 

Angle de rejfevement. Jump. 

Angle de surveillance Base angle. 

Angle de transport Deflection change. 

Ap?lndic;v::: :::::::::::::: : :}Appendix, or supplement. 

Artillerie de renforcepaent Reinforcement artillery. 

311 
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Artillerie de stiret^ Emergency artillery. 

Artillerie de tranch^e Trencn artillery. 

Barrage Barrage. 

Barrage fixe Fixed barrage. 

Barrage semi-fixe Semi-fixed barrage. 

Barrage roulant Creeping barrage. 

Barrage (Lever le) Lift the barrage. 

B^ton. Concrete. 

B^ton arm^ Reinforced concrete. 

Bombe '. Bomb (of trench mortars). 

Boucher de gaine Detonator protector. 

Branche ascendante Ascending branch 

Branche descendante Descending branch. 

Bulletin de tir Firing record. 

But auxiliaire Datum point. 

But t^moin .Witness point. 

Cadence de tir Rate of fire. 

Camouflet Camouflet. 

Canevas d'ensemble — Triangulation system. 

Canevas de tir, section de — Army topographical battalion (no 

d'arm^e. exact equivalent in our service). 

Canon court Howitzer. 

Canon long Gun. 

Canon de reference Witness piece, reference piece. 

Camet de batterie B. C. data book. 

Camet d' observations Observation sheet, 

Camet d'observatoire Observation post data book (O. P. 

data book). 

Camet de pikie Section data book. 

Cartouche sp^ciale Special booster car|;ridge. 

Causes perturbatriceb Disturbing influences. 

Cercle de vis^e Sighting circle. 

Changement des conditions du Change in the firing conditions. 

tir. 

Chapeau Cap sill (of dugouts). 

Char d'assaut (artillerie d'assaut Tank. 

ou sp^ciale). 
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Champ de I'observateur Field of the observer. 

Charge d'emploi Standard charge. 

Cheminement d'angles Angle traverse. 

Claie Screen. 

Cloison Lands (of the bore). 

CoeflScient de pente Slope coefficient. 

Coefficient balistique Ballistic coefficient. 

Coefficient de r^glage Adjustment coefficient. 

CoUimateur Collimator. 

Conditions du tir , - . . Firing conditions. 

Conduite du r^glage Conduct of the adjustment. 

Consigne Standing or special orders. 

Contre-pente Reverse slope. 

Contradiction Bracketing elevation. 

Convergence des m^ridiens Convergence of the meridians. 

Correcteur normal Normal corrector. 

Correction de r^gimage Calibration correction. 

Correction de repartition Distribution correction. 

Correction de station Station correction. 

Correction compl^mentaire de Complementary site correction. 

site. 

Correction totale de site Total site correction. 

Correction compl^mentaire Complementary site correction. 

d'angle de site. 

C6tes de cheminement Course (in traversing). 

Courbe de s^curit^ Curve of security. 

Coup au but Tai^et shot. 

Coup de flambage Drying shot. 

g^Hif ^r^r;::: : : : : : : ;}p-oramic sketch. 

Croquis planmi^trique Place sketch. 

Culot tronconique Tapered base. 

D6clinaison Declination, 

Defilement aux lueurs Flash defilade. 

Defilement aux vues a^riennes ... A erial defilade . 
Defilement aux vues terrestres. . .Terrestrial defilade. 

Degre De^ee. 

Depouillement Stripping an adjustment. 
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D6i>ouill6 Stripped. 

Derivation Drift. 

Derive Deflection. 

Derive normale Deflection constant. 

Derive provisoire Uncorrected deflection. 

Derive de surveillance Base deflection. 

D^tonateur Detonating booster. 

Dioptric Diopter. 

Direction initiale Initial deflection. 

Direction origine Origin or origin line. 

Direction rep^re Orienting line. 

Direction de surveillance Base line. 

Distance d'^latement Burst range. 

Distance balistique Ballistic range. 

Distance corrig^ Corrected range. 

Distance de tir Ran^e (of an objective). 

Distance initiale Initial range. 

Distance rectifi^e Modified range. 

Distance topographique Map range. 

Donn^es topographiques Map data. 

Dossier de r observatoire Observation post record. 

Dossier de tir. Firing record. 

^cart angulaire Angular distance. 

Ecart en port^e Range error. 

Ecart en direction Deflection error. 

Ecart moyen en port^e Range mean error. 

Ecart probable sur le sol reel Probable error on tbt, ground . 

Ecart probable pratique Field probable error. 

Echelon Unit. 

Echelonnement Deflection difference. 

Echelonnement de repartition. . .Distribution difference. 

Elements a^rologiques Meterological data. 

Elements initiaux Initial data. 

En surveillance On the base line. 

Entonnoir d6blay(^ Clean crater. 

fiquerre en zinc Map square. 

Erreur de fermeture Error of closure. 

Escadron, chef d' Battalion commander. 
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Espace mort Dead space. 

iEvent Fuze setting. 

Event initial .- Initial fuze setting. 

Explosif tass6 Compressed explosive. 

Faisceau Sheaf. 

Fauchage • Sweeping. 

Feuille de calculs Data sheet. 

Fiche de renseignements Information card. 

Fl^he Maximum ordinate. 

Fourchette. . , Fork. 

Fourchette lat^rale Lateral fork. 

Fus^ Fuze (proper). 

Fus^e k double effet Combination fuze. 

Fus^ fusante , . . . . ^ .Time fuze. 

Fus^e percutante. . : .Percussion fuze. 

Fus6e d^tonateur Detonating fuze. 

Gaine Booster caaing. 

Gaine relais Booster. 

Gaz toxique Lethal gas. 

Gaz lacrymog^ne Persistent or lachrymatory (tear) 

gas. 

Gaz d6gag6 par I'explosion Shell gas. 

Gerbe Shrapnel cone. 

Gerbe de culot. Base sheaf. 

Gerbe lat^rale Lateral sheaf. 

Gerbe d'ogive Ogive sheaf. 

Gisement Y-azimuth. 

Glacis Forward slope. 

Goniom^tre An^le-measuring instrument; also 

si^ht. 

Goniom^tre boussole Aiming circle. 

Goniom^tre de si^e Siege goniometer. 

Grade Grade (angular imit). 

Grossissement Power (of a telescope). 

Groupe Battalion. 

Groupement Group. 
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Hausse Range Betting. 

Hauteur d*^latement Heignt of burst. 

Hauteur d'^clatement en m^ Linear height of burst. 

tres. 
Hauteur-type Normal height of burst. 

Inclinaison Inclination. 

Inclinaison des tourillons Inclination of the trunnions. 

Indice Index. 

Instrument directeur Director. 

Instrument goniom^trique .Goniometer. 

Instrument ae r^f^rence Reference instruments. 

Intersection Intersection. 

Intervalle d' 6clatement Burst interval. 

Jalonn^ Staked out. 

Jumelles Field glafises. 

Latitude Latitude. 

Lieutenant orienteur Reconnaissance oflScer. 

Ligne de projection Line of departure. 

Ligne d'observation Observing line. 

Ligne de bite Line of site. 

Ligne de tir Line of elevation. 

Longitude Ix)ngitude. 

Longue-vue binoculaire Scissors telescope. 

Longue-vue monoculaire Observation telescope. 

Lotissement Sorting (of projectiles). 

Marron ^ lueurs Flash cartridge. 

Masse couvrante Covering mass. 

Masque Ma^k. 

M^ridien Meridian. 

Micrometre Micrometer, or reticule (of a tele- 
scope). 

Millifeme Mil (angular unit). 

Milli^me R R-mil. 

Milli^me vrai True mil. 
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Nivellement barom^trique Leveling by barometer. 

Nord g^ographique Geographic north. 

Nord Lambert Lambert north or Y-line. 

Nord magn^tique Magnetic north. 

Observation axiale Axial observation. 

Observation combin^e bilat^rale. Bilateral observation using the 

index method. 
Observation conjugu6e Bilateral observation using a battle 

map. 

Observation unilat^rale Unilateral observation. 

Observ^atoire. Observation post (O. P.). 

Observatoire de conmiandement. Command observation post (C. 

O.P.). 

Observatoire de r^glage Firing observation post (F. O. P.). 

Observatoire de renseignements..Inteingence observation post (I. 

O. P.). 

Obus k charge arri^re Base charge shrapnel. 

Obus ^ gaz asphyxiant Gas shells. 

Obus en acier Steel shell. 

Obus allong^ Long shell (O. A.). 

Obus k balles Shrapnel (0. B.). 

Obus ^clairant Star shell. 

Obus en fonte Cast-iron shell (O. F.). 

Obus en fonte aci^r^e Semi-steel shell (O. F. A.). 

Obus k mitraille Case shot (O. M.). 

Obus de rupture Armor-piercing shell (A. P.). 

Obus de semi-rupture Semiarmor-piercing shell. 

Obus traceur Tracer shell. 

Officier orienteur Reconnaissance oflScer. 

Origine de la trajectoire Origin of the trajectory. 

Ouverture de la gerbe .Angle of opening. 

Papier quadrille Squared paper. 

Parallaxe. Parallax. 

Pente ani^re Reverse slope. 

Pi^e directrice Base piece. 

Pi^ce guide Base piece. 

Pi^e nomade Wandering piece. 
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Kquet rep^ree Stakes. 

PUui m^ridien Meridian plane. 

Plan de defilement Plane of defilade. 

Plan directeur Battle map. 

Plan d'objectif Objective map. 

Plan de tir Plane of fire. 

Plan desite Plane of site. 

Planchette carroy^ Squared sheet. 

Planchette de tir Firing board. 

Planchette topographique Plane table. 

Plateau Plateau. 

Poids de la section droite Sectional density. 

Point d'alignement Marker. 

Point de declinaison Declinating point. 

Point de chute Point of fau. 

Point moyen Center of impact. 

Point moyen du tir fusant Burst center. 

Point de pointage Aiming point. 

Point de r^glage Adjustmg point. 

Point de rep^re Marker; reference point. 

Point de rep^rage Referring point. 

Point de surveillance Base point. 

Pointage r6ciproque Reciprocal lajdng. 

Port^ Range (of trajectory) (A. F. § 6). 

Port6e enti^rement d^pouill^e. . .Completely stripped range. 

Port^es par coordonn^ee Plotted. 

Position de crdte Crest position. 

Position de grand defilement. . . .Position of deep defilade. 

Possibilites de tir Possibilities of fire. 

Poste de commandement Command post. 

Poste d' observation auxiliaire Auxiliary observation poet. 

Preparation du tir Preparation of fire. 

Projectile Projectile. 

Projectile f umig^ne Smoke shell. 

Projectile de r^glage Adjusting shell. 

Quadrant Quadmnt. 

Rafale Volley. 

Rapporteur Protractor. 
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Rapporteur de parallaxe Parallax protractor. 

Rayonnement Direction and distance method. 

Rayonnement direct Direction and distance method 

(directly). 

Rayonnement inverse Direction and distance method 

(inversely). 

Recoupement Resection. 

Rectangle de dispersion Rectangle of dispersion. 

R6duit Strong i)oint. 

R^gimage des canons Calibration. 

R^ime du canon Calibration errors of a piece. 

R^lage Adjustment. 

R^lage en direction Deflection adjustment. 

R^lage d'encadrement Bracket adjustment. 

R^lage fusant. .^ Time fire. 

R^lage fusant des obus explo- Time shell adjustment. / 

sifs. 
R^lage percutant d*encadre- Percussion bracket adjustment. 

ment. 
R^glage percutant de precision. . .Percussion precision adjustment. 

E^lageenportde K^r^rtS^r 

R^lage de precision Precision or complete adjustment. 

R^lage par le son Sound raneing. 

R^le k aessins Straight edge. 

R^le k ^climtoe Telescope alidade. 

R^le gradu^e Scale. 

Relais de feu Relay. 

Rel^vement Three-point method. 

Rel^vement non orient^.. Unoriented three-point method. 

Remblai Embankment. 

Repartition Distribution. 

Rep^re Marker. 

Rep^re de position Place mark. 

Rep^rage sur un but t^moin. . . . .Use of the witness point. 

Rep^rer la pi^ce Refer the piece. 

Roseau d'observatoire Observer system. 

Retard Delay. 
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Rigidity de la trajectoire Rigidity of the trajectory. 

Rose des vents Wind rose, or wind chart. 

Rngueux Firing pin. 

Sablier Ground sill (of dugouts). 

Salve Salvo. 

Schema des liaisons Liaison system. 

Sectiop de recherche de ren- Flash and sound ranging groups. 

seignements par observation 

terrestre. 

Sitogoniomfetre Sitogoniometer. 

Sommet de la trajectoire Summit of the trajectory. 

Station d' orientation Orienting point. 

Surveillance, en On the base line. 

Table de tir Firing table. 

Tableau Table (of figures). 

Tambour Drum. 

Tir d'an^antissement Annihilation ^e, 

Tir d* amelioration Improvement fire. 

Tir d'accrochage Fire for adjustment; used specially 

in connection with fire on a wifc 
ness point to designate the ad- 
justment on the objective. 

Tir de destruction Destruction fire. 

Tir d^efficacite Fire for effect. 

Tir d'efficacit6 fusant Time fire for effect. 

Tir d'encagement Box barrage. 

Tir d'essai Trial fire. 

Tir d' interdiction Interdiction ^e. 

Tir de harc^lement Harassing ^e. 

Tir sur hausse imique Fire at a single range. 

Tir BUT but f ugitif Fire on fleetmg objective. 

Tir de ratissage Raking fire. 

Tir fusant d*obus k balles Time snrapnel fire. 

Tir fusant en arri^re des crates. . .Time fire behind crests. 

Tir de neutralisation Neutralizing fire., 

Tir plongeant Curved fire. 

Tir de precision Precision fire. 
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Tir k ricochet Ricochet fire . 

Tlr de r^image Calibration firing. 

Tir de r^lage Fire for adjustment. 

Tir it rettiii^v;;;;: :;;::::: j^eprisai fire. 

Tir syst^matique Systematic fire. 

Tir tendu Flat fire. 

Tir sur but susceptible de mou- Fire on a transient objective* 
vement. 

Tir sur zone Zone fire. 

Tir sur but mobile Fire on a moving objective. 

Tir de verification Testing fire. 

Tir vertical High angle fire. 

Trajectoire Trajectory. 

Trajectoire dans le \'ide Trajectory in vacuo. 

Tranch^e de depart Assembly trench . 

Transport de tir — » Shifting fire or shift of fire. 

Travaux d'approche Works of approach. 

Usure des pikres .Wear of the pieces. 

Vent balistique Ballistic wind. 

Verification d'un angle au niveau. Verifying an elevation. 
Verification des angles de point- 

a^e Si^ht adjustment. 

Visibilite Visibility. 

Vingti^me. Twentieth (of a degree). 

Vitesse initiale Muzzle velocity. 

Vitesse restante Remaining velocity. 

Vivacite Quickness (of a powder lot). 

Zone battue Pattern (of shrapnel). 

Zone des objectifs Objective zone. 

Zone d'observation Observing sector. 

Zone de s^curite Safety zone. 

Zone de surveillance Sector. 

Zone de dispersion en portee Range zone of dispersion. 

66778°— 18 21 
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Art. Artillerie. 

A. A. A. Artillerie anti-a^rienne. 

A. C. A. Artillerie de corps d'ar- 

m^e. 
A. C. Artillerie de campagne. 

A. D. Artillerie di\Tsioniiaire. 

A. L. Artillerie lourde. 

A. L. C. Artillerie lourde courte. 

A. L. L. Artillerie lourde longue. 

A. L. G. P. Artillerie lourde k grande 

puissance. 
A. L. T. Artillerie lourde k trac- 

teurs, 
A. L. V. F. Artillerie lourde sur voie 

ferr^e. 
D. C. A. Defense contre avions. 

G. C. T. A. Groupe de canevas de tir 

d'arm^e. 
P. C. Poste de commandement. 

P. O. Poste observation. 

R. G. A. L. Reserve g^n^rale artillerie 

lourde. 
S. R. A. Service de renseignements 

de r artillerie. 
S. R. L. Section de rep^rage par 

les lueurs. 
S. R. S. Section de rep6rage par le 

son. 
S. R. O. T. Section de recherche de 

renseignements par 

r observation terrestre. 
322 



Artillery. 

Anti-aircraft artillery. 
Army Corps artillery. 

Field artillery. 
Division artillery. 
Heavy artillery. 
Heavy howitzers. 
Heavy guns. - 
High power heavy artil- 
lery. 
Tractor heavy artillery. 

Railway artillery. 

Anti-aircraft defense. 

Army topographical sec- 
tion. 

Command post. 

Observation post. 

(No equivalent organiza- 
tion at present.) 

Artillery intelligence ser- 
vice. 

Flash ranging group. 

Sound ranging group. 

Flash and sound ranging 
groups. 
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S. T. 0. A. Section topographique de Army Corps topographical 
corps d'arm^e. section. 

T. P. S. Telegraphic par le sol. Earth telegraphy. 

T. S. F. T61^aphie sans fil. Radio telegraphy. 

15^0. 155 court. 155 howitzer. 

155 C. S. 155 court Schneider. 155 Schneider howitzer. 

155 C. T. R. 155 court tir rapide. 155 ramd firing howitzer. 

155 G. P. F. 155 grande puissance Fil- 155 high power Filloux. 
loux. 
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Various ivorks and parts of a prepared terrain 



M*ne enfangte/nenH^ 



xxxxxxxx 



fUrnoufina communic»fion trenchl 



St9p3to^e^ in or out of a commun'icaHon or fire trench*^ * 
CfO^^in^in 9 communicaHon or fire french^ 
«^/y>. r ^ 

of Battalion. £ 

of fPmjim^frh ^ 

Command Post of Bn^ade £ 

of Di\/ision 3 " 

of Army Corps B 

Manf/y obserwafion p{*f* ^ A 

IOocupled-. A 



Machine gun shtlfer^ 



\Pref>ar9d^ 
{Oceufilied^ 
{Prepared^ 






Cr^lacemenf for irefich mortars 



jOccupieJ^ 
\prepare<f^ 



Aft/ftffioa depots^ 



Caririd^ . 
Crenade^^ 



Irench anginas 



Oepcffof foots and mafenats- 

dobsisfwee depot 

i^afer sttppfies^ 

Drasstn^ sfwftons 



Tr 

(3 



-Diai 
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HtadauBriers and 5taffo 

Commartdie*g qenerst (Gcnerat Htadqu^r^ri^ 

He&dqu3f-her& c^ ^roup of armies^ ^^^ . ^ 



Dif^ct^r of Suppi^ Servtc^ Sn^ Army , 
Htf&dqu^riers 7^ Army Corpi 



^ie^dquari^r^ 3'^ Divhio^ (j^offhe -Army Corp^).^ 
H^aSi^uaH^rs ^*^ Dii/tsiofi (^^0f th^ /irmy, Cerpit)^ 
Headquarters S3'^Df\^^iQn (jS'^of the Anrry Corps). 
Headquarters SS^ Separ&ie DfVfsion. 

Headquoritrs ^^ C&vairy Division 

3f3ff, tS^ Infanfry Brigade. 

Sfaft 3^^ C&vstry Or'iq&ckr, 



I ■§ 






Infantry 



Company of I/rfsfTfry 

Company of C^>aA3ti/rs 

Group of Cycfisfs . . 

Oaffaffon c^ Smfwn-hy _ 



Gaffahon cf Chasi^urs , 



Cavalry 



Squadron tyf C^t/a/ry. ^ 
/Eisgtmcnf Of Cauatry^ 
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ArhWery 



Group in psrk . . 
Empbcement'- 



. Occupied 



of Held BaH^ery.^ 
of BalHry S5.«. 
of Bsffery /00._ 
ef Oaifcry JOS, 



of O&ttery l20L.{fong)^ 
cf BoHtry J 55 L. (/or»^_ 



of 'Baifery IZO C (shorf)^ 

of Battery I5SC (jshorf)^ 

of Bmtfjsry g^Q . 

Off BaHeiy 2?0 

of Baffery 370 

Specml i-YP%s (hmH* indiesHon of 
caliber in cen^irngfers} 

/infiaircraif sfofhn^ 



• --- 



Infantry /nwufidn sechion 

/irfftfery munifion secfion.. 
3eef/on of park. 



Arf'ilitry park, army corpaij^ echeion)^ 
/irflllery park, army corps. (z'S'echehn)^ 

Echalon of mam arHlkry park 

Echelon alon^ the '^^^^ 

Mttn moi/shle 



Inftrmediafe depoi {Heavy ^rhVtry)^ 
f^k {Heaiy ArfUkry) 



• SMI 

ik S.MA. 

QD 

nrm 

® 

oi 
C3f 



asBs 

,..bi±J 

...i 

...6 

...a 
..& 
.. X 

..6 

...6 
© 

■•■• 
■■■ • 

■■'¥ 
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Enqineers, 

Company o4 engineers 



^ 



Searchlight section P 

Thfegrsph defachmenf o/ arm^ corps ■ 

Itkgraph section. (Army) I 

Hfegraph section of 2^ fine % 

Field r9dio station 

Bridge equipage ^^ 

Army corps engineer park . rn% 

Anny engineer park ^\ 



Medical Service 

Ambulance : + 

Hospital seciion : CH 

Group of stretcher bearers , T^ ■■ 

evacuation hospital - E 

Section of evacuation hospital'. - @ 

/^€ser\/e personnel . , (^ 

f^eserx^ material ^2E>k 

Hospital in railroad station ^ 

Sanitary t-r^m ninitiypH hv C lOOQ ^§U^ 
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/Aviation 



Squadron 

Aviation park - 



Bombing group,. 



Park of bombing group ^^V 

Lartding f7eld. . Q- 

Caphx/e ba/foon — . 



/Automobile Service 



S 



Secfion Supplying fresh nn»»*- — ' w ' ^ 

Sanitary seciion automobile . ffl ^ 

Section for transporfation of material ' u ' *^ 

Section for transportation of personnel ^ r;> 

Section of automobile park ^ fw^ 

Service of Administration and Supply 



Section of Subsistence supply train ^^- 

Section of auxiliary subsistence supply train — 4*— 

Cattle park H 

Army field bakef-y ■-. -^^^ 



Miscellaneous 

f^egimental train '^^ 

Field remount depot ___ W^ 

Headquarters of ad\/anced base beyond railhead. A 
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CITY « 

TOWK 00 

Comniujie ?f5 



CITY 

TOWN" 

Commune m 
Hamlet 



CITY 

TOWN 

Commune 

Hamiet 



FOREST « 

Woodsi^ I 
Woods *o|; 



FOREST 

Woods4. 
Woods JO 

Woods 
Wooda 



FOREST £ 

Woods H I 
Woods ^'' 



Woods 
Woods 






Fiver— ^ ^o ^ is 

Canal. Lake to^\i 



LARGE RtVER^. 
Rive r zi^.i, 



Spring, fartin,rfN?f|?e.lO 






LARGERIVER.O 
River :vtf.jo|r| 

ffrook, Pond ^^i?i^ 

..,„ Jo _.(?* 

,-_„.„, Jo., ,.^^.. 17 J 

,.^,. do. ._» 















jfo,. 
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SCALE iSO.OOO andBleck /SO.OOO French Maps 



Wagon 
Poads 



' Uaf tonal Midway . 

Oeperfmarrt roads 

Sunken Cft ^a ted - 

A/ways passable ^ 
{resolariy repaired) - 

^of a/ways passable 
(irreyt/lar/y rep9ir&</),^^ 

DiH- road and trail 

fool path 






forest path _ 
^Abandofted ^ 



j?ailway5 



Single track. Sfah^ardgtugt 
£mbankmenfs . 

Tunnel Vfaduc* . 



Road crossings . 



Alarroi^ geuge and 
Dummy //nes 



Timnfi VSkAct Cul^erf 
<»r96^ Under (V«rh««4 



, Ililll M l l lllli n Mti m i n i n 



Bouf»dar)r , 



National 



Department . 



Arrondt'ssement . 
Canton 



Commune 
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Crceh _^ 



J^ * ^^^'Hf^— — 



irti^erff^'f^f^f Sft^mm- 



Ws^r/^//- 



impofimt^i t^^i^^bk c^ii^ jj^^^^ii^rttl 




Oftc^Offi^ 



H^rograph^ 



C^ftsi _ 



Qridgcs _ 

Ferry 

D^m. 




^A=^ 




^ Pd^^ fhstrvotr^ C-tf^ri*gii^ed byUoogle 
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SCALE t\60.0OO ancfBiack r 50.000 French Ma/os 

^Church, Sleafite or belfry 
Ji'gh* hovs9, harbor /ighfs *. 



Chmpei or hmrm!ta§%, 
Or^f^ry, imporfsn^ f^mb 

Crucff^yt, Cross 

forrtb. Statue of Virgin " 



Cemetery _ 

Chateau or targe ttouse . 
Farm ttouia 



House or isola^d 
structure 



Beacon, chinnney 
monument or tower' 



Worn <nd J 
Sfwc^ures \ 



V^indMill^ 



Mill (waterpower) . 

tronworkSf factory 
{hydraulic power) ~ 



Factory 
(nonhydrauJTc po¥/er) ' 



Wegraptt semaphore. 



Cave, underground quarry^ 
den, mine, thmt*, ______ 

■entrance h» aaltery 

Ume'kUn, piaster -Ailn -_ 
Fountain^ well, spring ____ 
Puins - 



eeTTs**— 1&- 



-22 
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— 4n percussion precision fire for effect 254 

—in site 35,36, 50 

— in time fire 49-51 

Adjustment 284a 

Atmospheric 43, 44, 51, 192, 396-404 

BalUstic 45-48,51,396-404 " 

Calibration 554, 556 

Classes of 34 

Complementary site 37, 193-1976 

Deflection 18^,191c,283 

Distribution 189 

Individual 209,233,254 

Individual— in initial data 191,196 

Range 564 

Site 193 

Station 1 183 

Topographic 35,42,50 

Velocity. (SeeYo.) 

Wind 44,399-401 

Counter battery fire: 
Normal front of objective for 207 

Counter slope 178 

Coup db hache 347 

Crater: 

Clean 368,370 

Dimensions of shell 369 

Crest; 

—position 60 

Definition 65 

Height of biu^t adjustment on 240 

Time fire for effect behind 265-269, 567 

Curve op secubity: 
Definition 13 

Corrector: 
Normal , 16, 44 

Data: 

Adjustment 281 

Map • 177,182 

Meteorolo^caL {See Meteorological.) 

Data sheets: 

Definition 186 

Special— for witness point 297, 298 
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36e AETILLEKY riB.I]7a. 

Datum hoint *.,-.* *.,.»,*.*, h .**<„*....* * 253 

Defbiition , , ,,,.,. ^ ............ . 2SS 

Diiierminatifln of ......_...... , 95^ 291 

l^so of— in shiftLUff fire „.,....„ 2S7-292 

U$u of flLtitlaui— 4n Haah mnelng 616-^18 

Dead space , 50HO 

r>E;cAai^ADf; , „ 14 

DEClGRACiE »..,..,..,..,.....,..»...,„„ , 14 

DEO-rNATioH: 

— coTLStflnt. . . . * , , . . . 117 

Mrignetir . . . „ „.,_...„..„„.,„,..., ^ty 

DeclinaTis'g PoebTt 403 

Dpclinatob; 

—lor plane tablt^. . . . . „ , £00, 510 

—for aiming circle 5iS 

DErLECTitJN: 

— adjust mjeot... ...*.. 208-210,230-232,440-441, ^4<J 

— bnick<?t. , 20ii 

"CoiL^tsint. , .,.,,.....,.. — H3 

^corrcclloD ........ — . , ISS^, 191c, 283^ SSg 

— deviation In bilnLcraJ obs^rvatlofi . . ......... ,...,,..,... 449 

— deviation in umlatenil obs^^rvatlon . 437, 43§ 

—different ....,.............,„.,.„ — jm 

— (irror. . . ...,.„„..,......,.. Ifl 

—An error ..,............. = ..............,.._....,, ..,,..... 452 

-An percussion ionf? lire for effect. . ................. 25^260 

— in liinoflrti tor P^oct .........„,.,. ....,,. 263-364 

—mean orror . . . . , 19 

^^prijlHihle cjTor ..„,,...,...............,...„,..,„,..,,„,„......,.„... 208 

Base... .., .,..- HS3,ISS,2WJ 

Correction In 1S8-1S0 

Coireclfons in— tor incltnatioo of the irtinnioag, AppotidU 3. 40 

OeflnltloQ 143 

Initial. , .,„ „.„..„.„.,...„, 191 

KecsjrdlnK the l>aae IBS 

BlripFwd.: - 283,^3 

Stripping tor 283, 29S 

DEFILAnEl 

"Of n battery, * . , . 55 

"Of If enoh flrtlllerv. . ........... 67 

AwiaL 1 , . .*.»..., 64^ 65 

CaieulatioQ of. 56, &ft 

Deflnlttoa 55 

Dust „. 63 

Flasli fia 

He^tofbnrst with— qlijoclivc. 240 

Flanfl of.., ,..,„,H,*., *,,....................-.*. b^^ 

Poshkmofdoep , -.*. 60 

B^oonnaissanoe of ,.,,..,, ij6 

TmeatriaJ, ...-- 5Mi 
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ARTILLERY FIRING. 867 

Degr&es: Paragraphs. 

Definition. 14 

Sixteenth of 14 

Twentieth of 14 

Density: 

—of fire in percussion zone fire for effect 257 

—of fire with gas shell 277-279 

—of fire with smoke shell 280 

Air 43 

Sectional— of projectiles 10 

Destructive fire: 
— withgassheUs 272-273,276,277-278 

Deviation: 

—indirection 99 

—in height of burst 101 

— ^m range : 100 

Adjustment by measured 218,228,685,604 

Observation of. ( See Unilateral sCnd Bilateral observation) 98-104 

Diopter : 536 

Direction: 

Determination of a 465-469 

Deviations in 99 

Observations in. ( See Unilateral and Bilateral observation) 99, 102 

Director: 

Goniometer or plane table used as a 144 

Parallel fire, using the 155 

To establish the— on the base line 147 

To establish the base piece on the base line with 148 

Direct laying 166 

Dispersion. 17-24 

—in tune fire , 23,24 

— on slopes . 21 

Application of the laws of— to methods of fire Appendix, 2 

Causes of 17 

Projectiles affecting - 17 

Range zone of 20,215 

Rectangle of : 28 

Study of. 18-24 

Zone of 23,24 

Displacement: 
Observer 96,433-438 

Distance: 
Angular 16 

Distribution: 
—correction 189 

Double decimeter scale 503, 504 

Drift 11 

Drop 8 

echelonment of the objective 178 
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Ei.EVA,T(oN: Paragr 

—for the objective.... *,.-.„., .„„,»..,.,,„,,. 

— Id ^ystemsttlc fitt- ^.-«,*..,,. ..,, * 

Adjusted, „ 107,219^253, 392, -K 

Bracket lag ^ .,.„_.,,„_.,_.,.* _ - . , _,. 

rhanjjing —during ^Justm«iit , „ . *^, . 

DofiniLion .^........ ..._,....,.,„„__„ *--,.,,,. 

Iwitial 192-ie 

InltM qiiMlrant , ,,..... ^ , - . , , 

Qtt&drtmt. , , _ 

Trill. .......,._ , 215,22 

VeHfled ,,, ,..„.,,., ,.. 215,^3 

Verifying an ._ . ^ , ^ , , . 

III Characteristics of battery ... ^ ._._.,, . ,.. \ 

n ReCDiinaijjsaricc oj Isal tcry . ,^ . „ , , , „ , , i 

III Eiiiiua r see also I'robable errur): 

II Dcsflcction ,.,.„,,.....„„., .-, , . , 

ll Deflort jon mean ...,.* ,....._,.,...,_..... ,..„... 

' HeiRtit 

Heighil mc^wi ..,......._........... ..-,.., 

I Kango. , .,.,._,,._,.., , ^ , „ . , , 

Jl&DgG mean, . — , , — ....,., 

Error of crxwsimE ...,,..* — „,...,...„. , . , , , — „ 

ExpiAjsrvfi: 

reroeutflge of— In ^dk. ...........,.,.....,....,......,-,.„,..... . , . . 

Fall:' 

Toint of .,,.........-..,.... , „ 

Fiklej: 

-^f the oljserver ........................................................ 

— probable error ..,,,,..,,...,,,.„„„.,.,,-,.„„,,. , , ,, 

Field gla.*ises ............... ..,.,. 

Fihe: 

— ui a sinj^lfi range* * * 

— direction. .........*,..,,.,..,. ^ ............ ..^^ .....-.-.. 

—for adjustment. (See Adju$tmentJ „ . , . „ „.„.„_.. 

— fffl- etroct* (5fe bolow^) 

—with a witness point. , .„..,.,....,,.„,,..., . , . , *-. 297 

— agaJjiJjt woods .,,... ^ ... 

Calibration. . . . , . , ,.,„.,, ,.,..,, . . , , , 48 

Conditiomof 1736, m, 22.'^ 

Conduct of ....... . ,...,,,..,,.,,, , 

Counti^r bHttej*y. (See Counter battery flre.) 

Continuous. . .....*._.,_... .^ ..... ^ .... 

Cro«i5 . , .„..„,,„_„ . . _ 

Curved...,,.,. 13.223,224 

Destruction, {S^t Destruction Are .J 

Faulty - ..,, 

Fiat .., 13 

Harassing * , 270 

Hij^han^le 13,180,224 

Im provem ent. (S«r Impro veineat lire* J 
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ARTILLERY FIEING. 369 

FiBE— Continued > Para^^bs. 

Initial firing data 173-i98 

rrai^ Interdiction 270»572 

• I Methodof - P^rtV 

i Method of— in flash ranging «Q3 

jgs* Method of— in sound ranging 586 

Neutralizing. (See Neutralizing fire.) 
' 1 Parallel. (5«« Parallel fli«.) 
' ' Percussion. (5«c Percussion fire.) 

ojJ Plane of 2,230,258 

i Possibilities of 59 

Preparation of. (See Preparation.) 
■ni Ricochet. (5w Ricochet.) 

';! Shift of 253 

3 Shifting (w« Shifting) 287 

Shrapnel— against aircraft 325 

^vi Sweeping. {See Sweeping fire.) 
^ Systematic. (5e« Systematic fire.) 

Testing 171,286 

I Time. (5«e Time fire.) 
I Trial. f5e« Trial fire.) 
t Zone. (See Zone fire.) 

3 Fire for effect 202, 253rr271 

8 —in flash ranging 60ft-610 

J —in sound ranging 689 

i^ — ^with aerial observation 266 

Classification 204,253 

jd Definition 202 

Effectiveness of , 253 

I OassheU 277-279 

Percussion precision 253-256, 398 

* Percussion zone 253, 257-261 

', Systematic 261 

> Time 25,262-289 

Time— behind crests 265, 269 

J Time shrapnel 262-263 

Zone ♦ - 229,270 

I FIRINQ BOARD ; 116, 496 

Firing pin 310 

Firing table: 

! Conditions on which based 29 

? Flash ranging 571, 594-619 

I —croups 594 

II Adjustment by measured deviations in 604 

Fire for adjustment in 604 

; Fire for effect in 609,610 

t Fuzes used in 598 

i Method of fire in 603 

Objectives in 695-597 

! Program of adjustment in 601 

Shells used in 698 

Telephone communication in 600 

' 66778''— 18 24 
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370 ARTILLERY FIRING. 

Flash ranoino— Continued. Paragraphs. 

Use of fictitious datum point in 616 

Use of the witness point in 615 

Wandering pieces m 601 

Fobk: 

—in improyement fire 219-227, 439-441 

—in systematic fire for effect 261 

— intrialfire 215-218,434,437 

.Definition 215 

Lateral 431,434 

Feeendly troops: 
Distance of gas shell objectives from 386 

. ilange in fiimg close to 234 

•Time fire close to 1 268,269 

Fuzes: 

— for H.E. shells 306 to 320 

—for shrapnel 327 

—used In flash ranging 598 

—used in percussion lone fire for effect 257 

— iised in sound ranging 578 

Change of— during firing 227 

Combination 318-320 

Delay 313-317 

Detonating 306 

Influence of difference in 227 

Instantaneous 309, 310 

, Instantaneous— effective against : < 310 

Nondelay 311, 312 

Percussion 308-317 

Time and combination 318-320 

Fuze setting: 

—to time fire adjustment 239-252 

Adjusted 239 

Initial 197,242,246 

Zero— with shrapnel 376 

Oas: 
—shell (See Gas shell). 
SheU .• 351-364 

Gas shell 272-279 

Ammunition consumption with 277, 278 

Characteristics of : 383 

Density of fire with 277-279 

Design of 330 

Destruction fire with 277-279 

Effect of atmospheric conditions on 382 

Fire for effect with 277-279 

Fire for adjustment with 276 

Fuzes for 332,333 

Kinds 328,329 

Lethal 882,383 

Marking of 331,383 

Nature of effect of 381 
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ARTILLEBT EIBING. 371 

Gas shell— Continued. Paragraphs. 

Neutraliring fire with 277-279 

Persistence of 382,383,385 

Persistent 274,277,279,329,381 

Safety conditions with 384-386 

Storage of 387 

Telephone conversation in reference to firing 386 

Useof 382,383 

Goniometer: 

Definition 117 

Siege 142 

Sito 550-551 

Use as a director 144-153 

Use in establishing the base piece on the base line 146-153 

Grade 14 

Height: 

—error 19 

— ^mean error 19 

Height of burst: 

—in time fire for effect 262 

—in fire for effect 244,375 

—in time behind crest 266 

—with defiladed objective 240,265,289 

Adjustment of 244 

Adjustment of— by site change 251 

Eflective— with time shell 247 

Definition 6 

Deviation in 101 

Linear 6 

Normal 6,240,244,262,376 

Observation of 101 

High EXPLOsnnc shell: 

—in time fire for effect 264,356-364 

Effect of burst of 346-373 

Fuzes for 306-320 

Kinds 301-305 

Penetration of 338-373 

Humidity: 

Tabular relative 43 

Hygromet ric state 398 

Illumination: 
Measure of —in optical instruments 532 

Index: 

—of a shot 445 

Significance of the 448 

Improvement fire: 

—in unilateral observation 439-441 

Aerial observation in 220 

Conduct of 21^224,391 

Definition 203 

Inclination: 

—of the trf^ectory 7 

—of the trunnions 40 

—corrections for the trunnions 40 
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AATILLERT FIBIBQ, 



iNTXUENCEs: Paragraphs, 

DifturbLn^. ,_.»*,,.»*,, ^ . . .^ > „ . » » . , * ^ 557 

Inrteument^ * „ „ Appen<iL3E 12 

Care of.. ...„....„. ..*. &52 

Cleaning of .,....„,..„„,„,„.„.,„.., . 55ad 

DedinatCKl ....„„ ,., *&B 

Reference. » 55a 

Undeclbiaied, , - . . , * 4tja 

Inters ectlon: 

Locating ft point by .„„ 471-173,485 

Jum , 2 

Conditions f« ..................... 559 

DeflnitionoL 188,557-562 

Mtianin(i of. ^.. .r ^... 5fi3j 5<>4 

Use of— la flhlf ting flip IS8,2S7-2W} 

Use or— in stripping..., ,.._. 284,285,557-564 

Lavbe^t kohth: 

—in rcsai'd to ballistic wind 397, 40ft 

Dednition Ufl 

Latttuue _ . 458 

LlAli<ON SVittEK. . ........._..,.„ „,,._._.. 109 

—in flash rangiiij^. . „ flOO 

—in soucd ran^ng., .......... __... .._....... ............ ^. 570 

Link: 

—of departure 1 

— of elevatioTL .....».,...,,.„ ...*,, 2 

Det^^rmlnatlott of a. 165-409 

Longitude _ . , ......................... 458 

BlAP* {See ahto Dattlfl map.)^ 

—data 177, 1S2 

^^uare 181, 500 

PesCriptioQ and tCTtna 466-463 

Objective ..■ 181 

Marker: 
Use of a distant 129 

Mask: 

Ckarinstbe ..; 58 

Definition 55 

Firing from behind tbe. ..^.... ...........^^..,^... 57 

Covering . , 55 

Maximusi ordinate, ....,„... 7, 30 

Mehioian .......................................... 458 

—plane.... _„„„,„„..,_.„ 458 

Convergence of thti ... 461 

Methoo op^ ftee, Part V: 

Destruction , ............ . ...... . 201 

— in flasb ranging. „ . ... .....,, 6fja 

—in sotind ranging .,^...^,.....,,^^...,„„.„„„,^„ ... 585 
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METEOBOLOOiCAL DATA: Paragraphs. 

Sources of 19(^396 

Use of the 306-404 

mil: 

Conversioii tables Appendix 1 

Definition and use of 14-15 

R-mil 14 

True 14 

Mibbob: 
Laying by 163 

Moral support 199 

Motion: 
Limiting quantity of 13 

Muzzle velocity. (See Velocity): 

Neutralizing fire 672 

— withgassheUs 272,274,276,277-27^ 

Object of 199,274,276 

No-burst 310, 339 

North: 

Magnetic 161,463 

Lambert 116,397,408^ 

True or geographic 468 

Objective: 

—in flash rangbig 696-697 

—in sound ranging 577-67^ 

—map 181 

— lone 181 

Coordinates of 460^ 

Echelonment of tne 178 

Elevation for the J 253 

Fire on a moving , 165,263,271 

Height of burst adjustment with defiladed 24a 

Numerical designation o^. 460 

Obsebvation Appendices 7 and 8, Part III 

—in adjustment , 206-252 

—of deviation 9a-lQ2, 430-450 

— of direction 99 

—of fire 96-102 

—of the height of burst 101 

—of the eone 107, 108 

—for range 100-104 

—sheet 108 

— system 72 

Aerial— in adjustment 232, 245 

Aerial— in fire for effect 255,271 

Aerial— in improvised fire 220" 

Bilateral 106,442-450,595 

Characteristics of 90 

Definition of terms used in 96 

Flank 104 

Kinds of. 8* 

Lateral 104-10& 
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AETIIXEItT FIBIHQ. 



O BfiER V ATioK— CoQtlnued. 
MclhcMiof , ,.„. 



Objects. . 



Paragraphs 

8 



Ttrrestrial. . , . . . . „ „,.„.,,_._... ....... fll-lOS, 23 

Topographical opttrationn preliminary to. yy-9. 

UnaLiteml-. * - - ^ ^ 105,430-44 

OBSCRViTTOM POJ9T: 

--reooTd --*.*..*,.,*.. ....,„..., 10 

Apprtiacb to . 79-8 

AiixUiaTy,.,.^.^,^ „,*.,, „.«_.*.,.» ^.............>..^. 70^75;7i 

Bfirragc oatteries 7' 

CamouSage of ^...^^..^ ..^-,_ 7 

Ctosses of , , , 7i 

Command.. 70,72,91 

Oonstructkdi or , „ . . , , 7 

—data boot ....._. i.., & 

Firing .„., 70,73,«Jjftl 

Heavy artillery. . ^ 7 

Intelligence:. , „ , . „ , , . . 7U, 71 , Oil 

Location of— in preparation of fire 166-17: 

Or^Miliation of _ , „,.,,.,,,„ tt 

Reoonnaissance of, . , ^ . . . , 77-T 

^election of. ...*.*,,., , „.-_..,_ ,.._.......„. ^ „,,,. . 77-S 

Terrestrial. ■. S 

— [lispLaceraent , 96, 433^43 

Flddoithe , ,.. „„ 9 

—sector... ...,....,..................................._._ , <t 

— linfi„. , &eH44 

iDRrJTNATE . , 45 

Miaxlmum. . ,..,.,.... „ , „ , 7, 3 

■ORffiKTlNG: 



—point , 



,- m-i^ 

topographical iiislnimenl^ 117, S07, 52 

*ORiEKTrNO line: 

—through the htks^ pkn^ , 118^ 150, Ifi 

AtJvantaKe^ of an. 451^S 

DeflnltiOD of, ..,..,.„ , 119fl, 13 

net«rmlnatk>nofBn...... 125-129, lfl0,lft9,2SO, 422,453-45 

Locsitton of battery wftbout „...„.., IS 

Selection oL ........._.,,.,., 1K^12 

Use of ...............^,...... „ , 45 

Without preliminary determination of the IS 

■Ohioin line: 

Uefiiiif km ot , . . - , , ........_ g 

Determiimllon of ..__..__„_„„,_„ 94^ 42 

Parallax: 

f^lffular ion of the. , , l" 

Definition ot ......._,_,, 1 

I)etermin*irtion of the .,._...... ^ ,,„.„„„.„ , l"/.'., '/.['/i^s-u 
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AETILLERT FISING. 376 

Paballax— Ooutinued. Paragraphs. 

Measorement of— on the map 160 

Measurement of— on the ground 161 

Remarks on the variation of 150 

l^ABALLEL FIBE: 

—by reciprocal laying. 162 

^-using common ftiTnTng point 166 

—using the director. 156 

Establishment of 164 

Pattern, OF shrafnel 374 

Penetration 338-346 

—in concrete 345 

Percussion: 

—zone fire for effect 267 

Ck>rrections in— Ore 36-48 

Piece. (See Base piece.) 

Errors in Individual— in fire for effect 191, 196, 233 , 256 

Reference 48,656 

Wear of 22,48 

Wandering 601 

Witness 297 

Place hark: 

Definition ot 1196 

Determination of 132 

Selection of 130 

Plane table: 

Accuracy of 126 

Definition 116 

Declinated— in locating a i)oint 470-479 

Declinated— in preparation of fire without maps 160 

Declinator for 509 

Description and use 605-612 

Orientation and declination of 117, 507-510 

Use in establishing base piece on base line 144, 153 

Use in locating a point 470-479 

Point: 
-off&ll. (See Tall.) 
Datum. (See Datum point.) 
Witness. (See Witness point.) 

Positions: 
Battery. (See Battery.) 
Trench artillery 67 

Posts: 
Command. (See Oommand posts . ) 
Observation. (See Observation posts.) 

Powder. (See Charge.) 

Change of— lot 225 

Classification oL 46 

Nature ot 46 

Quickness of 46 

Temperature of 47 
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ARTIXL£1T FIBING. 



P«EPABA.noN Of rn«- Fart JVi ParagrapJifl, 

— E-otislats of ........... . ^ .,.,.... ^ . . * * * 110 

—in opon warEart.. ...„..,„.,„ .........._ Ififi 

— Jn pci,sll.H]ii wat-^fQ ..............**,,,,„„.,. 165 

—without maps .........,,...,._.*,_.,_*_._*_.._„„.„. 164-172 

CaiTi Ti«M)ssflJv in . r , , tSiS 

DoHfwtnt* Bnd rapid .........,._.,, IBS, 216 

Df'flQLtton orc^lemttits in ,,,.*.,. ^ .,,..* , , , 116 

riTiifctor 110 

Topoftriiphical operations preliminary to* ,,....*,.,„.„ „,,... 1 Ll^ 118-140 

FftOBABrLlTY: 

1 'ro^Mihlo orroT on slope ......... . 21, 184 

— tahle , . , „...„, . , 26 



19j2D6 
19 
27 
22 
24 
21 
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19 
22 



DedectioD probable error. 

Determination of pmbable error^ . ..*-..*. h, ,..,,._,,„__„.,.„,„ . 

Kxfimple^ in . . 

Field probable error . . ^ ♦ . 

HfJighl (it burst mean error .....,...„...* 

J^obablo error on tbo ^nound 

Hange of burst mean error ..-..^. „_.*......_. .., 

Ranpo probable error , 

TalTiilar probable error » . . , 

Phohabl*} error* (S£f ProbabllltyO 

FRftJECTltE: 

— alleeting dJspersloii ... ^ ........*,....»...,....... ^ .. .. 17 

Adliistlng 100 

Chan|E!e in 226 

InfiiifMlcc of weiitht of ...,*......,.*,,,.-...,.,.....,. . ...,,..,.. ...» 45 

SortfnEof 17 

PaoTEJictoa: 

Celluloid .^ 4139 

T>esc!rfption ojid uae , 4.'5I , 497 

rwallsix .., 181,499 

Tnicini^ paper ............... *, 49& 

Wlilft' fjajier 499 

Quadrant: 

"ftdjnstmpnt. .,.,., 5S4 

—angle. (See Angle.) 

Deflnilion , 14 

Initial— elevation. . ... . . 19^ 

Laylnilby 193,2S4o 

RAPtf^-^tations .....,,....,... 82 

— offiofir , . . . ........ H .....-......*.....,...... - 424 

Uakge: 

-adjustment... 21 1-2H, 233-238,445 

— osorrect loti 6G4 

19 



— error . . . 

—mean error . 

—setting 

Ballistic 



19 

. 5 

....-.- 557 

Burst .... 6 

Completelv .^tripped. 2Wc 

CorroctOd.. 192,1^ 561,566 
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ABTHXEKY FIEIHG. 377 

Range— Continued. Paragraphs. 

Definition 5 

Deviations in 100 

Fire at a single 204 , 277 

Initial 192-195,285 

Map ,. 557 

Maximum *. 13 

Modified 188,561 

Observation of 100,104 

Verified bracketing 215^ 

Range scale: 
Laying by 194,285 

Rbopsocal laying; 

—in establishing the base piece on the base line 146 

Parallel fire by 162^ 

Reconnaissance. Part II, Appendix 6: 

—by corps and division commanders 410 

—by regunental and group commanders 411-416 

—by battalion commanders 416-425 

—by battery commanders 426-429 

—of battery positions , 66 

—of observat ion posts 77-80- 

—of trench artillery positions 67 

Duties of— ofllcer 118, 422 

Object of 52 

Procedure In 409-429 

Rapid 420-427 

Terrestrial 52 

Refer the piece ' 148- 

Referring point 148-163 

Resection: 
Locating a point by 474, 487 

Reticule 517,528,534 

Ricochet 339 

—fire 361-364 

—graze bursts with shrapnel 379 

Conditions for— fire 362 

Effect of— fire 363^ 

Sheaf in 361 

Rigidity: 
—of the trajectory 38 

Route: 
—of approach 109 

Safety zone 25^ 

Salvo: 
—with poor visibility 212 

— in time fire for adjustment 244 

Bracketing battery 237 

Definition 205 

Order of firhig 254 

Timeinter^hi 207,243,245,254 

Scale 504 

Double decimeter 504 

Map 456^ 
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^7S ABTILLEBY FIEIHG. 

Secitritt: Paragraphs. 

Uurvfl of. ,.,.*,.**.-.,*,.**.,*. . . *, . .-*„*,. , . , .,,,..,._._.... 13 

SEMIHTREL E^EIELL ...,.„..,_..„ _ . „ 303 

UtinRe of ft^meDtjt of. * , . „ ............._ 349 

I i Sheaf of , . „ , , , ................_, „ , . . . 349 

Base ...............„_,, ._.,_.... ...,„,,, a4fl 

Iroavereed. . , . - , ,■ ..... „ . . , . . . . . „ 157 

ij UeflnJtW* * ......... „ ._.__„._, 112 

Lfttaral . — .................................. , 345 

Ogive .„_,„_„ _ 34ft 

Open H ..,..,.,.......„„.....„. . 157 

' — crater , ,..., ..........,,„*..,,„,_„„„ 369 

— ISW,.. .........,,„ .... 351-.'i54 

—used In flash rangtag , r^ 

—used in sound rangiiif? .......................,,„,.,._..,_.,„..„,..„, .^73 

.^diuatlnr. 100,334 

B 305 

Cast Lnm. {See Ca^t-lron sheU.) 

D....... , 305 

P , 340 

P«rciiint])g« of Bjcploslvft in :.......... 305 

Semfet^eL (5** BemlatefilshelL) 
Smoke. (.9«« Smoke BholL) 
atftT. ( Sm S tar sheU .) 
Steel. ^5k Steel 3h«lL> 

Tapered Imae __. 339 

Tracer. (Sf^ Tracer sbell.) 

— against machine guna in shell holes. ,..,,,..._...,... . 377 

— oono. . ,....,.,.. , ....,.., 374 

—for t^ormge. .... , 377 

Action of... -.^- , 32« 

Adjustment with 239-24S 

Adjnstment wtth high — bur^ats. ^ ...... . ......... .Appendix 1 fl 

Base charge ♦ . . , .,.*,.....,.. . — 324 

ElToutuf........ .... 374r-3W0 

Effoct of burst Of - 374r-aw 

FuEes for .,,.,.,.,... 327 

Inoetidianr effect s with 380 

Kinds , 331-326 

Kicochet graze burst with , , . 379 

Robin........... ,.... 325,32(1,37(1,380 

Sweep of 379 

Zero titze setting with 37a 

RiaiiT A r^jTraTMENT, .............................................. . . . . . S53-aVJ 

iSiailTUNO CIRCLE , . . , 549 

S[TF.: 

— correctton In range, 35, ISO 

—in high angle tire 36, ISO, 192 

-in caiciilatinBhiltiaifuae sotting... .?.3/ilt^.^.^-S^S?>?S.*^: m 



AKTILLEKY FIEIHG. 379 

firiK— Continned. Paragraphs. 

Buist line of. 6 

Burst plane of 6 

Calculation of 180,184,195,197 

Complementarv— oorrection 37 

Correct— in stripping 2846 

Correction in 35, 37, 50 

Definition 3 

Incorrect-in stripping 284c,2856 

Initial range with correct 194 

Initial range with incorrect 195, 285 

Line of 3 

Plane of 3 

SrrOGONIOMETER 550, 551 

To measure angles with 551 

To measure site and find minimum range with 551 

Sketch: 

Panoramic 107 

Place 105,170,182,183 

Visibility 107,109 

Slope: 

—coefficient 21 

—table 21 

Counter , 178 

Forward 4, 78 

Leveling by measuring the 493 

Negative 178 

Positive 178 

Probable error on 21, 184 

Reverse 4,178,267 

Time fire for effect on 265,269 

To measure a 515, 516 

Slope charts, aib bursts. (Api>endlx 13) 265 

Smoke shells: 

Ammunition consumption with 280 

Use of 280,335 

SotTND RANomo 576-593 

Objectives in 577 

Adjustment by measured deviations in 585 

Charts for 584 

Fire for effect in 589 

Fuzes used in 578 

Methods of fire in 585 

Program of adjustments in 583 

Shells usedin 578 

Telephone communication in 581 

Use of the witness point in 590 

Squared paper 496 

Stadia rod 513a, 530 

Standing orders 109 

Star shells: 
Description and use of 336 
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880 AKTILLEKY PI&INQ. 

Paragraphs. 

Station correction 183 

Steel shell 301 

Armor pierdng 301& 

Base-ftued 301& 

Point-fuzed 301a 

Ranee of fragments of 348 

Semuumor piercing 301& 

Sheaf of 348 

Straight edge 504 

StripeinO 281-286 

— anadjustment 281-286,557-566 

—for deflection 283 

— tor range ^ .* 284 

Sweeping fire: 
—In i)ercussion zone fire for effect 258-260 

Systematic fire 290<l 

—for effect 261 

Definition 261 

Tanks: 
Fire against 271 

Target shot: 

—in percussion bracket adjustment ^. 238 

—in percussion precision adjustment ^ . 214 

Telephone: 

—communication in flash ranging ^... 600 

—communication in sound ranging 681 

D u ties of— officer 423 

Telescope: 

Illumination of a 632 

Observation 531-540 

Site device of a 534 

Scissors 541-^7 

To measure the angle between two points with 537 

To measure the site with 538 

Use of, in observation of fire ^9, 640 

Theodolite: 

Accuracy of 126 

Care of 552c 

Definition "117 

Locating point with 480-490 

Use as director 144-148, 152 

THERMOJiETER , 403 

Three-point method: 

— forlocating a point 132,472,473,486 

Unoriented 473 

Time fire: 

—adjustment 230-252 

—effective fire against 358-360 

—for effect behind crest 265-269,567 

Corrections in 49-51 

Dispersionin 23-24 

Radius of effect in 356-357 
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ABTILLEBY TIBJSQ. 381 

TOPOOBAFmcAL INSTBUMENTS: Paragraphs. 

Declination of 117 

Definition of ." 115 

Orientation of 117 

Topographical methods 464-495 

topoobaphical operations: 

—by the battery 134-140 

— bythebattahon 122-133 

—in determination of initial firing data 175-183 

—preliminary to observation 93-95 

—preliminary to preparation of fire Ill, 118-140 

—without maps : 164-172 

Accuracy of 286 

Traoer sheIiLs 337 

Trajectory: 

—chart 571 

—in vacuo 8 

Definition of elements of , 1-7 

Origin of the 1 

Ri^tyofthe 38 

Study of the 8-13 

Siunmit of the 7 

Traverse: 

Angle 1 466 

Courses in traversing 466, 476 

Direction and distance 475,488 

Fore sight and back sight 479 

Locating a point by 476-479, 489 

Points of a 475 

Trench mortars: 

Concealment of 67 

Imporvement fire with 221 

Trial fire 203, 215,389,390 

— in unilateral observation 432-438 

Triangulation system 116, 139, 463 

Trunnion: 

Correction for the inclination of the Appendix 3 

Inclination of the 40 

Twentieth op a degree 14' 

Vo'. 

—in initial firing data 188 

Definition 188 

Use in shifting fire 287-290 

Use in stripping 284,565-566 

Variation in— due to powder 46-47 

Variation in — due to wear of gun 48 

Variation in— due to weight of projectile 45 

Variations and corrections differentiated 33 

Velocity. (See Vo.) . 

Muzzle 2 

Variation in 47 

Verifications 226 

Visibility 212 
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382 AKTILIEBY FIRING. 

Volley: Paragraphs. 

—with poor visibility 212 

Definition 205 

Weae: 
—of pieces 22,48,556 

Wind: 

—rose 44 

Ballistic 44,397-401,405-408 

Witness piece 297 

Witness point: 

Definition 95,293-300 

Determination of 294 

Fire with a 297 

Quattfications of a 299 

IJseof 293-300 

Use of— in flash ranging 615 

Use of— in sound ranging 590 

Woods: 
Fire against 246 

Y-azimuth: 

— of Une through declinating points 463 

—of (ffienting fine 126 

Definition 116,462 

Determination of— with aiming circle 527 

Measuring the 497 

To draw a line of given 498 

Y-DECUNATION 463, 525 

Y-une: 

—in connection with ballistic wind 408 

—in plotting a point 502 

Definition 116,459 

Zone: 

—of dispersion 20 

Objective 181 

Safety 25 

Zone fiee 201, 239, 588 

—with bilateral observation 447 

—with gas shell 278 

—with smoke shell 280 

Ammunition consumption in 257 

Command for 250, 263 

Laying in 204 

Object 201 

Percussion— for effect 257,261 

Variations of 270 
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